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ABSTRACT 

The three types of manually-inserted landing 
site position adjustments planned for use in Apollo 15 
are discussed and explained at a detailed operational 
(but not computational) level. Two of the three types 
are new and are intended to counter the effects of certain 
malfunctions and dispersions that could reduce the proba- 
bility of attaining the nominal landing site. 

This memorandum consists essentially of the 
briefing on this subject given to the Apollo Program 
Director on May 19, 1971. Parts of the original presen- 
tation have been amplified and clarified, however, and 
some corrections have been made to the figures. 
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MEMORANDUM FOR FILE 

INTRODUCTION 

In earlier missions (Apollo 12 and 14) only one 
NOUN 69 correction was incorporated. In Apollo 15 there are 
three different kinds of NOUN 69, and a possible total of 
five corrections. The reason for the proliferation is that 
the Apollo 1 5  site is difficult and NOUN 69 insertion is the 
easiest--perhaps the only--way to make last minute navigation 
corrections before the LM lands. 

NOUN 69 is the Display and Keyboard (DSKY) designation 
for a change in landing site position to be entered in the LM 
Guidance Computer (LGC). The chanqes are in the landing site 
coordinate frame, i.e., downtrack, crosstrack, and radial; the 
units are feet. The quantities to be entered are computed on 
the ground, voiced up to the crew, and entered manually by the 
crew into the LGC by means of the DSKY. 

The three kinds of NOUN 69 in Apollo 15 are: 

BACKUP RLS2 (No. 1 on Figure l), which is loaded 
before calling P63 (the braking phase computer program), if 
it has not been possible to uplink (automatic loading into 
the LGC from the ground) the final adjusted landing site 
position or RLS2; 

NOMINAL (No. 2 on Figure l), which is loaded at 
Powered Descent Initiation (PDI) plus 2 minutes to correct 
for orbit propagation errors in the last pass, down to PDI; 
and 

NAVIGATION (Nos. 3 ,  4 ,  and 5 on Figure l), to 
correct for accelerometer biases and certain other errors 
that cause position errors to build up after PDI. 
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When a NOUN 69 is to be loaded into the computer, 
the component being entered is specified by the appropriate 
verb on the DSKY. VERB 2 2  (V22), for example, means "Load 
Component 2", the crosstrack component. The "V2xN69" desig- 
nations shown on Figure 1 are the DSKY entries for loading 
the corresponding adjustments; the three-digit designations 
"569", "169", etc., are a conversational shorthand used by 
MSC Flight Dynamics people and the Flight Crew to refer to 
the same entries. 

All of the NOUNS 69 except the NOMINAL are contingency 
procedures: they are required only when certain things do not 
work quite right. It should be emphasized here, however, that 
insertion of NOUN 69 corrections does not affect the abort 
limits. The abort limits are specified maximum-allowable 
guidance system velocity discrepancies: if any of these is 
exceeded during powered descent, the descent is aborted. The 
abort limits are based on the requirement that both the Abort 
Guidance System (AGS) and PGNCS be available for abort guidance, 
and establish velocity errors (if and as they develop during 
powered descent) as criteria of deterioration of a guidance 
system's capability to control an abort. The NAVIGATION NOUNS 
69 can correct position errors resulting from PGNCS velocity 
errors, but do not affect the velocity errors themselves nor 
the PGNCS degradations that cause them. 

The descent profile (Figure 2 )  shows where along the 
descent these various inputs are made. It also shows, in more 
or less the right size and place, the Apennine Mountains. 
The CSM track above shows the effect of circularizing one and 
a half orbits before PDI: The CSM is almost overhead at 
touchdown. 

BACKUP RLS2 

A mixed timeline and logic chart (Figure 3 )  shows 
the normal sequence of events along the vertical line extending 
down the middle, and the situation that would lead to use of 
NOUN 69 to back up the normal RLS2 procedure. It is essential 
to get landmark tracking data and state vector update data 
into the LGC to get to the nominal landing site. A new Mission 
Rule establishes that if we don't get the landing site landmark 
tracking an alternate landing site (across the Rille, or to the 
North; not yet decided) allowing larger landing dispersions than 
the nominal one will be loaded. 
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In Lunar Orbit Revs 2 through 11, the period spent 
in the descent orbit up to the beginning of the interval shown 
in Figure 3 ,  a Propagation Offset Study is conducted. This 
study determines the error arising per orbit, in the vicinity 
of the P D I  point, in the LGC propagation of the LM orbit. This 
error propagation has been found to be constant or to change 
very slowly over many orbits, so that it can be used to predict 
LGC errors on future passes. 

The MSFN tracks the spacecraft on each pass across 
the near side of the Moon, and the RTCC fits orbital solutions 
to the tracking data. Both single-pass and two-pass fits are 
generated, and the choice of which to use is based on a real- 
time comparison of their consistency, the magnitudes of the 
residuals, etc. The processing of each pass of data is com- 
pleted after Loss of Signal (LOS) on that pass, so that on 
each Acquisition of Signal (AOS)  there is available a fresh 
orbital solution (or State Vector, or SV) based on the latest 
tracking data. 

Proceeding now from the top of Figure 3 :  The MSFN 
tracks the spacecraft and processes the data as described above. 
The CSM, now separated from the LM, tracks the landing site 
landmark (this will likely be "Index" Crater, about 1 km East 
of the landing site, for Apollo 15). The RTCC also processes 
the landmark tracking data, and so determines the coordinates 
of the landmark and thus of the Landing Site in the coordinate 
system of the Rev 12 orbit. There is thus available to be 
transmitted to the LM at AOS of Rev 1 3  a fresh state vector 
based on Rev 12 MSFN tracking and a tied-in landing site posi- 
tion based on Rev 12 CSM tracking of the landmark. But the 
propagation errors have to be compensated and, since the landing 
is not to take place until Rev 14, two revs of propagation 
errors are involved. The error corrections, or "propagation 
offsets", are applied to the landing site coordinates rather 
than to the state vector. It has been found that "adjusting" 
the state vector is generally undesirable and can lead to poor 
guidance performance in some abort situations. If, for any 
reason, the Rev 12 Landmark tracking failed to produce a valid 
set of landing site coordinates, the propagation offsets are 
applied to the map coordinates of the landing site 
after AOS of Rev 1 3 ,  the new State Vector (SV1) and the adjusted 
landing site coordinates (RLS1) are commanded (uplinked) into 
the LM computer. 

Then, 
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In Rev 13 the MSFN tracks the LM as before, and the 
CSM (now in near-circular orbit) again tracks the landing site 
landmark. The ground computers generate a new orbit solution 
and another landing site position, based on the Rev 13 data. 
A "best" landing site position which may be either of the 
observed positions or some kind of mean of them, is selected 
after considering such criteria as the internal consistencies 
of the two sets of marks, the CMP's estimate of his confidence 
in them, etc. Propagation offsets, for only one rev now, are 
applied to this landing site position. 

- 

At AOS of Rev 14 (nominally the landing pass) the 
new adjusted landing site coordinates (RLS2) are commanded 
into the LGC. At PDI - 10 minutes, the new State Vector (SV2) 
is commanded into the LGC. The crew then calls up P63 at the 
appropriate time and proceeds with the landing. 

It is in this last 10 minutes before PDI that BACKUP 
RLS2 NOUN 69 may come into use if there has been any difficulty 
in commanding RLS2 into the LGC. If there is such difficulty, 
whatever the cause, attempts may be continued until PDI - 10 
minutes. 
time, it will be assumed that attempts to uplink SV2 would also 
be unsuccessful. 
then it and SV1 are satisfactory for going to the nominal landing 
site and no further efforts need be made with RLS2. But if RLSl 
was based on map coordinates, RLS2 is the last chance to get 
acceptable coordinates for the nominal landing site into the 
LGC, for landing on this pass. It is then voiced up to the 
crew for manual entry in the LGC as a three-coordinate NOUN 69. 
The RLS2 must be modified in two ways for this use. First, 
since it is to be used with S V 1 ,  which will be two orbits old 
at PDI, propagation offsets for two orbits must be applied. 
Second, it has to be transformed: From latitude, longitude, and 
radius to downtrack, crosstrack, and radial corrections to the 
landing site position. 

If RLS2 has not been commanded into the LGC by that 

If RLSl was derived from good landmark tracking, 

If landmark tracking was not successful in either 
Rev 12 or Rev 13, the landing may be deferred one rev and 
another attempt made to locate the landing site in Rev 14. 
There would then be an RLS3 and SV3 after AOS of Rev 15, 
with the same logic applying for a BACKUP RLS3 NOUN 69. 

NOUN 69 NOMINAL 

It has been found that despite all the propagation 
corrections and state vector updates, the PGNCS will still 
have significant downtrack propagation errors in its state 
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v e c t o r  as it comes up on P D I .  The s i m p l i f i e d  diagram (F igure  4 )  
i l l u s t r a t e s  t h e  p r i n c i p l e  used i n  measuring t h i s  e r r o r .  The 
M S F N  i s  somewhere i n  a g e n e r a l l y  ''up" d i r e c t i o n  from t h i s  c h a r t .  
The  downtrack e r r o r  i s  determined by measuring t h e  d i f f e r e n c e  
between t h e  LGC v e l o c i t y  v e c t o r  and t h e  MSFN-determined v e l o c i t y  
v e c t o r .  I n  t h e  drawing t h e  LGC has  propagated i t s e l f  f a r t h e r  
around t h e  o r b i t  t han  t h e  LM has  r e a l l y  gone. While t h e  f l i g h t  
p a t h  ang le  w i l l  i n  g e n e r a l  not be zero a s  it i s  shown h e r e ,  t h e  
d i f f e r e n c e  i n  f l i g h t  pa th  a n g l e  a t  t h e  t w o  p o i n t s  i s  n e g l i g i b l e  
and t h e  p r i n c i p l e  i s  una l t e red .  The t w o  p o i n t s  have been less 
t h a n  one m i l e  a p a r t  i n  prev ious  mis s ions .  

NOUN 6 9  N O M I N A L  COMPUTATION 

There are t h r e e  ways of measuring t h e  a n g u l a r  p o s i t i o n  
e r ro r  (F igu re  5 ) .  Two of them use  v e l o c i t y  d i f f e r e n c e s ,  wh i l e  
t h e  t h i r d  depends upon range measurement. The p r e f e r r e d  method 
i s  based on d i r e c t  measurement of t h e  l i n e - o f - s i g h t  v e l o c i t y  
component and i s  r e f e r r e d  t o  as t h e  " r ange - ra t e  r e s i d u a l "  method. 
( "Res idua l "  i n  t h e s e  a p p l i c a t i o n s  g e n e r a l l y  means a d e l t a  between 
a PGNCS and a MSFN-RTCC value or between a loca l  and a propagated 
v a l u e ,  r a t h e r  t h a n  between one of a set  of  measurements and t h e  
l e a s t - s q u a r e s  massaged r e s u l t  of t h e  set  of measurements.) T h i s  
c a l c u l a t i o n  i s  done a u t o m a t i c a l l y  i n  t h e  Range R a t e  Res idua l  
P rocesso r  (RRRP) . The second t echn ique  employs t h e  Powered 
F l i g h t  Processor (PFP, u s u a l l y  c a l l e d  " t h e  LEAR") , which a l s o  
now p rocesses  t h e  d a t a  a u t o m a t i c a l l y .  The PFP g i v e s  a s  a c c u r a t e  
and r e l i a b l e  r e s u l t s  a s  t h e  RRRP i n  most c a s e s ,  b u t  t h e  RRRP i s  
p r e f e r r e d  because it i s  somewhat more f l e x i b l e  i n  off-nominal  
s i t u a t i o n s .  The t h i r d  method, u s i n g  t h e  range r e s i d u a l ,  t e n d s  
t o  be more no i sy  and less a c c u r a t e  t h a n  t h e  o t h e r  two. I t  g i v e s  
a r easonab le  and usab le  r e s u l t ,  however, and remains a v a i l a b l e .  

The error i s  determined 1 0  t i m e s  i n  t h e  5 minutes 
immediately preceding  P D I  b y  bo th  v e l o c i t y - d i f f e r e n c e  methods. 
T h i s  makes any i r r e g u l a r i t y  o r  n o i s i n e s s  o r  t r e n d  p r e t t y  
conspicuous and easy  t o  d e t e c t .  

DOWNTRACK AND CROSSTRACK NAV NOUN 6 9  

Even w i t h  p e r f e c t  landmark t r a c k i n g ,  propagat ion  
o f f s e t s ,  and updates  w e  can g e t  i n t o  t r o u b l e  wi th  errors t h a t  
b u i l d  up a f t e r  PDI (F igu re  6 ) .  E r r o r s  t h a t  are w e l l  w i t h i n  
t h e  a b o r t  l i m i t s  and would have caused no rea l  concern i n  
e a r l i e r  miss ions  a r e  o p e r a t i o n a l l y  unacceptab le  i n  Apollo 1 5  
because  of t h e  t e r r a i n .  The p r i n c i p a l  sou rce  i s  c o n s t a n t  
errors o r  ''biases" i n  t h e  acce lerometers  i n  t h e  IMU i n  t h e  LM. 
The acce le romete r s  f e e l  nothing and o u t p u t  no th ing  u n t i l  P D I ,  
a f t e r  which t h e y  sense t h e  t h r u s t  of t h e  DPS. I n e r t i a l  p l a t -  
form misalignment w i l l  cause t h e  t h r e e  components of  t h e  
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thrust to be sensed inaccurately and hence will introduce 
false components normal to the true thrust; a misalignment 
thus has the same effect as radial and crosstrack accelerometer 
errors. 

These errors do not exist until powered flight 
begins. If they are to be corrected, therefore, they have 
to be measured in powered flight; i.e., beginning at PDI. 

DOWNTRACK AND CROSSTRACK NAV NOUN 6 9  COMPUTATION 

A pre-mission prepared plot is used. Downtrack and 
crosstrack velocity residuals are monitored and measured at 
several integral-half-minute intervals after PDI. The plot 
is entered with a velocity residual and the time at which it 
was observed, and the desired NOUN 6 9  is read directly 
(Figures 7 and 8 ) .  The same plot is used for downtrack and 
crosstrack corrections. It gives a correction for the error 
propagated forward to about PDI plus 8.6 minutes, the time at 
which Landing Radar velocity convergence is nominally expected. 

The CROSSTRACK NAV NOUN 6 9  was invented first, to 
protect against the Apennine Front on Apollo 15. It was then 
decided it could be done downrange too to correct for accel- 
erometer errors in that direction, to try to keep the LGC 
terrain model synchronized with the terrain. 

Both of these corrections go into the LGC at PDI 
plus 5 minutes. Both have a threshold value of 3000 feet: 
i.e., if the correction is less than 3000 feet, it is ignored. 

RADIAL NAV NOUN 6 9  

Three elements enter into the development of radial 
(altitude) errors during powered descent (Figure 9 ) .  The 
first is the difference between the LGC and the real velocity 
vectors, the same ''residual" that allowed us to calculate the 
NOUN 6 9  NOMINAL so easily. This vector difference is an 
essentially radial velocity, and is thus equivalent to an 
altitude rate error in the LGC. In principle, putting in the 
NOUN 6 9  NOMINAL removes this error: 
Figure 4 that the flight path from the imaginary LGC LM posi- 
tion to the imaginary (adjusted downtrack by the NOUN 6 9 )  LGC 
landing site is identical to that from the true LM position 
to the true landing site, merely rotated through the angle I I o c I ' =  

In practice, the entering of a NOUN 6 9  NOMINAL does not cancel 
this radial velocity difference as a source of altitude error 
during powered descent. NOUN 6 9  NOMINAL is not entered until 
PDI plus 2 minutes; this alters the shape of the trajectory 

It is easy to verify on 
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and affects the time of throttle recovery. Furthermore, our 
immediate concern is not with errors the LGC might have after 
flying uncorrected all the way to touchdown. The RADIAL NAV 
NOUN 69 is intended to correct certain predictable altitude 
errors at an intermediate point (currently 6000 feet) in order 
to allow the LM to fly safely at least that far without landing 
radar data if the landing radar should be slow in coming in. 
A look at the descent profile (Figure 2 )  shows that for a normal 
NOUN 69 NOMINAL we are talking about a shift of a few thousand 
feet from one end to the other of a 280  mile long flight path. 
The altitude rate error is about 1 ft/sec per 1000 feet of 
NOUN 69 NOMINAL. 

Accelerometer bias and platform misalignment introduce 
a growing velocity error, as in the crosstrack and downtrack 
directions. 

RADIAL NAV NOUN 69 COMPUTATION 

The altitude rate error (residual) existing at PDI 
is known. After PDI, the altitude rate residual is monitored 
on the ground and recorded at several integral minute points 
(Figure 10). The nomograph (Figure 11) is entered with the 
error existing at PDI on the left scale, and with the error 
existing at a later instant on the center scale corresponding 
to the time at which it was observed. A line connecting these 
points, projected across to the right scale, cuts that scale 
at the required value of NOUN 69. The sample line shown on 
Figure 11 represents the computation for a radial residual of 
-5 ft/sec existing at PDI (left scale), which has grown to 
-10 ft/sec at PDI plus 6 minutes (6:OO center scale); the NOUN 
69 is +4000  feet. It should be emphasized that although this 
is an altitude correction, it is not derived from measurements 
of altitude. It is a predicted altitude discrepancy calculated 
from timed measurements of altitude rate error. 

It should also again be emphasized that the RADIAL 
NAV NOUN 69 is not calculated to permit the LM to fly down to 
the landing site and land without any additional information. 
The number given by the nomograph is designed to result in a 
zero altitude error in the LGC at 6000 feet (referred to the 
landing site radial position as determined by the CSM landmark 
tracking). The purpose is that the LM may safely go to that 
altitude as indicated by the PGNCS without landing radar data, 
in order to give a poorly-performing landing radar every 
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p o s s i b l e  chance t o  come i n .  I f  t h e  Panding r a d a r  has  n o t  
come i n  by 6000  f e e t ,  t h e  descen t  must be abor t ed .  I n  t h e  
absence of l and ing  r a d a r  d a t a  and wi thou t  a RADIAL NAV NOUN 
6 9 ,  t h e  a b o r t  l i m i t  i s  1 0 , 0 0 0  f e e t ,  because of t h e  greater 
a l t i t u d e  u n c e r t a i n t y .  

The t h r e s h o l d  va lue  of RADIAL NAV NOUN 6 9  is 500 
f e e t .  A s  b e f o r e ,  several r ead ings  are made f o r  cons i s t ency .  
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(a) Stabi l izat ion and control propellant is eliminated since 
the Orbital Support Vehicle is assumed t o  be docked t o  the 
Orbital  Launch Vehicle. 

(b) Spares usage is different for  the Orbi ta l  Support Vehicle 
than for  the Orbital Launch Support F'acility; t h i s  is  shown 
i n  Table 3-23 . 

(c)  Orbital Support Vehicle pmpellant for  orbital transfer is 
different *om that for the OSAV (see the data i n  Figures 
3-1wC throwh 3-149). 

The t o t a l  resupply for  all mission time dependent expendables is 
presented i n  Figs.  3-150 and' 3-151. The 75$ volumetric efficiency factor  is 
again added, as discussed i n  magraph  3.3.2. 
during the Earth o rb i t a l  phase of a mission, requirements are calculated on 
the basis of the number of d a y s  of o rb i t a l  support required i n  E a r t h  orb i t  
(see Table 3-25) 
requirement by the cumulative number of days during which Earth o r b i t a l  opera- 
t ions  occur. These t o t a l s  are shown i n  Figs, 3-152 and 3-153. Expendables we 
delivered by both the  Orbital Support Vehicle and an expendable log is t ics  
vehicle. 
ing.  Accordingly, data fo r  th i s  item is not presented. I n  view of the short- 
ness of o rb i t a l  s t aq t ime  f o r  ell of the guideline missions, a separate crew 
ro ta t ion  mission is not needed. 

3.4 

Since resupply only occurs 

Lunar Ferry spares are prorated by divlding the t o t a l  spares 

However, resupply interval  fo r  t h i s  support mode has no general mean- 

EVOLUTION OF ORBITAL LAUNCH SupPOKT FACILITY MODE 

I n  the following discussion, the Temporary Orbital  Support Vehicle 

The basic question i s ,  

a 
Mode, previously discussed i n  paras. 3.1, is not considered. 
is on development of a program f o r  a permanent O W .  
based on the guideline missions and the Point of Departure Plan, w h a t  are the 
log ica l  steps by which an OLSF may be developed? A iXLl discussion of Orbi ta l  
Launch Operations development, including the OLSF, is found i n  Volume 11. The 
OLSF configurations derived and discussed previously i n  pazagraphs 3.2.1 IUW be 
considered typical  and no attempt w a s  made t o  show how they might be developed. 
It i e  the  intent  here t o  discuss a method by which the OL6F mode may be 
developed as a function of time and mission, including the u t i l i za t ion ,  where 
possible, of the MORL program. 

Primary emphasis 

Figure 3-154 shows a development progratu fo r  space s ta t ions by which 
the OLSF's may be developed i n  support of the guideline missions. 
( for  reference) are the  guideline missions and the number of personnel i n  orb i t .  
The personnel are those involved i n  o rb i t a l  launch operations, t ransients  
associated with the missions, and Earth-to-orbit ferry or log is t ics  vehicle. 
It is assumed for  the purposes of t h i s  discussion that the OISF is  capable of 
handling all of these people on a temporary basis even though under normal 
operational procedures the mission crews would probably bypass the OISF, 

Also shown 

3.4.1 Early Orbi ta l  Fac i l i t i e s  

Orbital  Research Laboratory (MORL) is a funded, hardware program which w i l l  
initially be placed i n  orb i t  i n  early 1968. 

For purposes of t h i s  discussion, it is assumed that the  Manned 

O f  the two funded studies on WRL 
a 
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(References 15 and 16), Reference 15 is selected as a basis on which t o  develop 
the OLSF program. From Reference 15  the following pertinent information is  
derived: 

0 
The MORL system w i l l  resolve the  following key questions 
affecting the fitwe of the  National Space Program: 

Man s psycho-phyBiological tolerance and 
proficiency under long-term weightlessness 
conditions. 

. The physical laws and phenomena which af'fect 
the performance of future spaceborne vehicles 
and equipment. 

The key t o  the space station/OISF concept is the experimental program, 
currently the subject of much work by NASA, other government sgencies and in- 
dustry. 
f l e x i b i l i t y  being a major system design consideration. Thus, the WRL system 
has the following characterist ics.  

The prime MORL goal is the  achievement of a universal test  bed with 

. A laboratory sufficiently large t o  accommodate varied 
experimental gear and a crew adequate t o  operate the 
laboratory and t o  perform the experiments. 
of Reference 15provides fo r  a normal crew camplement 
of six men with a peak capacity of eight men and the 
a b i l i t y  t o  sustain (or operate) the laboratory wi th  
only two men. 

The design 

Provision, i n  the  event weightlessness should prove 
intolerable, for  continuous a r t i f i c i a l  gravitation by 
rotation of the laboratory. Data on weightlessness 
from additional manned space f l i gh t s  pr ior  t o  the launch 
of MORL may modify th i s  requirement. 
deployment mechanisms, a more complex a t t i tude  control 
system, and additional propellant. However, it is  like- 
l y  that the effects  of weightlessness can be offset  by 
such measures as exercise and centrifugation, so rota- 
t ion may be unnecessary. 

Rotation requires 

. A simple, proven experimental procedure. The design, 
interpretation, and redirection of the experiments re- 
quires diverse scient i f ic  disciplines too numerous and 
specialized t o  be provided by the crew. 
qualifications for  the crew are physical. f i tness ,  opera- 
t i ona l  proficiency, and the engineering ab i l i t y  necessary 
t o  execute the experiments. The experiments are designed 
on the ground, procedural instructions are transmitted t o  
the crew, and experimental data with crew observations are 
relqyed t o  the ground f o r  interpretation. 
abi l i ty  t o  implement redirection provides a response and 
f l e x i b i l i t y  unavailable i n  unmanned space vehicles. 

The primary 

"he crew's 
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The M3RL system is comprised of (1) a laboratory in a circular o rb i t  
at an optimal al t i tude of 200 nautical  miles and an inclination of 28.7 degrees, 
(2)  Gemini f e r r i e s  for rotat ion of the crew, (3) modified At las /Agena  D re- 
supply spacecraft;, and (4) a ground support complex. The laboratory is  launch- 
ed unmanned by means of a Saturn IB launch vehicle; the crew is sent up later 
i n  Gemini vehicles t o  activate the laboratory systems. 'phe laboratory contains 
enough consumables t o  last u n t i l  the  arrival of the first resupply spacecraft, 
plus reserve supplies fo r  45 days Logistics spacecraft provide f o r  crew 
rotation and replenish the  consumables using rendezvous and docking techniques 
developed f o r  the Gemini-Agena program. 

260 inch diameter spherical pressure shell encased within an outer load-camying 
shell. The pressure shell  provides cabin pressure integri ty;  both shells 
protect against meteoroids and radiation. 
dual capabili ty f o r  producing ar t i f ic ia l  gravity. A centrifuge provides inter-  
mittent a r t i f i c i a l  gravity, and a back-up deployment-rotation mechanism provides 
continuous a r t i f i c i a l  gravity. I n i t i a l l y  the  laboratory is operated at zero g. 
I n  t h i s  condition, the centrifuge has a threefold application: 
experimental tool ,  (2) as a potent ia l  therapeutic-device, and (3) as a condition- 
ing device f o r  preparing the astronauts t o  withstand re-entry. 
a r t i f i c i a l  gravity is found t o  be necessary, the spent S-IVB stage is used as a 
counterweight, deployed aww from the laboratory by means of a strut-cable 
system, and the assembly is rotated. 

The laboratory weighs 10,749.5 k p  (23,649 lbs.)  and consists of a 

The laboratory is equipped with a 

(1) as an 

If continuous 

The laboratory i s  equipped t o  perform experiments i n  three broad 
categories; i.e. , bio-medical, behavioral, and engineering and sc i en t i f i c  
experiments. hany of the proposed experiments are d i rec t ly  applicable t o  
Orbi ta l  Launch Operations. 

Figure 3-155 shows a general arrangement of the MORL f ac i l i t y .  

3.4.2 MOKL Follow-On 

Referring back t o  Figure 3-154, one method of developing an Orbital  
hunch Support Faci l i ty  is t o  use the M3RL concept and f a c i l i t y  as a basic 
building block. 
hunch Support Fac i l i t i es  based on a twin-MRL concept; one is shown wi th  
a r t i f i c i a l  gravity and the other with zero gravity. 
gram is designed t o  supply the answer t o  the question of the need f o r  a r t i f i c i a l  
gravity; when such an answer is available, only one of the twin MORL concepts 
shown can be pursued. 
required i n  o rb i t  for orb i t a l  launch operations are such tha t  two M~KL's, 
coupled together and sui tably modified could adequately perform the job of an 
OISF for  the Mars Flyby mission. Applicable O r b i t a l  Launch Operations tech- 
niques would, t o  a large extent, already have been develuped with the original 
M o a .  Examples of typical o rb i t a l  launch operations f o r  which equipment and 
techniques w i l l  have t o  be worked out, whether on the or iginal  MORL or on the 
twin MORL/OISF, are as follows: 

For example, Figure 3-156 shows two different ,  I2 man Orbi ta l  

The WRL experimental pro- 

The capacity of the MORL facil i ty and the number of men 

(1) Assembly o r  erection of mission vehicle modules 

(2) Propellant t ransfer  
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(3) Intervehicle fe r ry  techniques 

(4) Extramhicuke inspection 

(5) Repair techniques 

(6) spares replacement 

(7) Vacuum welding 

The zero "g" bXlRL/OISF would have t o  be suitably modified t o  permit end-to-end 
assembly and t o  provide an air lock between the two MUG'S. 
MORL's i n  t h i s  fashion requires orbi ta l  assembly of the MORL's since their  
gross weight exceeds thesaturn IB capability. As an alternative they could be 
pre-assembled on the gramd prior  t o  launch; however, t h i s  would require the 
use of a Saturn V Launch vehicle. Further modification of the MXiTils map be 
required i n  the area of the solar cells a r r a y s .  The outwardly rotated solar 
c e l l  discs may not be compatible w i t h  end-to-end assenibly; a different type of 
solar cel l  deployment, similar t o  that shown, may be required. 

To assemble the 

3.4.3 Large Om/Space Station 

FoUawing the development of the twin MORL's as a first generation 

There are 

OLSF comes the next step; the establishment of a large OISF/space station. 
This f a c i l i t y  is  required by the l a r g e r  number of personnel i n  orb i t  for  both 
t h e  Orbital  hunch Operations checkout crew and the mission crew. 
at  l e a s t  two possible approaches t o  t h i s  f a c i l i t y  as shown i n  Figure 3-154. 
One approach makes further use of the MORL as a basic building block and con- 
sists of an assembly of four MORL's which would provide q-ers for  up t o  24 
men. Three different zero g configurations of a four MORL assembly are s h a n  
i n  Figure 3-157 and 3-15'8. 
t ion,  and a side-by-side clustered configuration. A l l  of these configurations 
require rework and modification t o  the basic MOF& structure t o  permit these 
different  arrangements. 

0 

These axe a spoked configuration, a lineax configura- 

I n  the case of an artif icial  'lg" assembly, there  we perhaps three 
arrangements that might be considered. Two of these involve an extended cable 
arrangement similar t o  that proposed i n  Reference 1 5  fo r  t he  MORL. 
case the four MOF&'s are assembled together i n  a side-by-side cluster while a t  
the other end of the cables are the spent S-IVB stages, also i n  a cluster of 
four. 
assemblies of two each, one on each end of the cable arrangement. 
these methods have serious dperational problems, psst icular ly  with regard t o  
the lack of a zero "g" hub where support vehicles can be docked. 
a t h i r d  approach lends itself t o  consideration. 
assembly of four MORL's i n  a spoke configuration, which requires the addition 
of a zero "g" hub and spokes fo r  attachment of the several KlRL's. A l l  of 
these methods, whether zero ttg't or a,rtificia,l "g," require multiple Saturn IB 
launches (ei ther  four or  five launches depending on how much additional hard- 
ware is  required). Stacking of fuur MORL1s on a Saturn V, even though within 
the pa,yload capabili ty of the launch vehicle, is  probably unacceptable due t o  
the long length and the result ing increase i n  bending loads on the pwload 

In one 

The alternative t o  t h i s  configuration is t o  divide the MORL's into two 
Both of 

Accordingly, 
This approach involves the 

and launch vehicle. 
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FIGURE 3-157: ZERO GRAVITY 4 MORL/OLsF 
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An al ternate  approach t o  the large OLSF/space s ta t ion  is  t o  design 

It is  presumed 

a new large f ac i l i t y ,  making use of the MORL developed techniques and technology. 
This f a c i l i t y  m u s t  have from 24 t o  36 men and is placed i n  orb i t  i n  1972 t o  
be canpatible with the guideline mission personnel build-up. 
that by the time th i s  f a c i l i t y  i s  designed, an answer t o  the question of 
gravity requirements w i l l  be known. 
recanmended approach is  t o  design the facil i ty based on ar t i f ic ia l  reg'' require- 
ments (i.e.,  a rotating f a c i l i t y )  and i f  art if icial  gravity is determined 
not t o  be necessary, the Orbi ta l  Launch Support Fac i l i t y  would siqply not be 
rotated. 

Should there be a question, however, the 

Another approach t o  the  development of t h e  OLSF is as shown on the 
bottam of Figure 3-154. This approach is t o  bypass the MORL program ent i re ly  
and proceed i n i t i a l l y  w i t h  the design and development of a lazge rotat ing space 
s ta t ion  wi th  Orbi ta l  Launch Operations capabili t ies.  Thus, i f  the program 
shows that a r t i f i c i a l  gravity is required, the capabili ty t o  provide th i s  re- 
quirement w i l l  exist immediately. 
t o  ro t a t e  the Orbital  Launch Support Faci l i ty .  
no apparent reason w h y  large space s ta t ions,  currently under study by and for  
NASA, cannot be modified and adapted t o  s e m  as an Orbital  hunch Support 
Fac i l i t y  i n  addition t o  its other functions. 
t o  an Orbital  Launch Support Fac i l i ty  requires a minimum of change i n  sub- 
systems; the primary changes aze 3d-1 the area of checkout and countdown equip- 
ment and spares (for the Lunar Ferry only). Depending on the weight and volume 
character is t ics  of t h e  space s ta t ion,  these items be added t o  &ready plan- 
ned subsystems or  i f  the weight and volume limits are exceeded, it is  necessary 
t o  remove some lower p r io r i ty  equipment. Later Orbi ta l  Uunch Support F a c i l i t i e s  
i n  the evolutionary stream me;y require larger  personnel capacity i n  w h i c h  case 
a new design be required. For example, i f  the Lunar Ferry and Mars Isjlding 
missions are conducted concurrently and the same facility is used f o r  both 
missions, as many 88 f i f t y  people (including mission crews) mqy be in  o rb i t  at 
the saae time for relat ively short periods of time (of the order of 3-10 W s ) .  
This indicates that one possible solution is not t o  prmci.de a larger f a c i l i t y  
but simply t o  provide a second o r b i t a l  launch suppOrt f a c i l i t y  of the S a m  
kind developed eaxlier i n  1972. Then f o r  the short periods of time necessary 
t o  house additional personnel, a sharing of facilities (euch as beds) can be 
ins t i tu ted .  
would, even at a reduced level of around 200 cubic feet per man, not be in- 
tolerable  fo r  the time intervals under consideration. 

If otherwise, then it w i l l  not be necessary 
Based on current data, there is 

The conversion of a space s ta t ion  

Bee volume per man, normally several hundred cubic feet per man, 

Examples of the Large space s ta t ions  which, with sui table  mdif ica t ion ,  
could be adapted t o  the ro le  of an Orbital Iaunch Support Fac i l i ty  are shown 
in Figures 3-159, 3-160, and 3-161. Figure 3-159 shows the NASA LRC rotat ing,  
ar t i f ic ia l  gravity, 24 man space stat ion.  
interconnected, functional modules; these modules are folded in to  a launch con- 
figuration and after injection in to  orb i t  are self-erectable t o  the configuration 
shown i n  the figure. Figure 3-160 shows the NASA mC a r t i f i c i a l  "g" ,  24 man 
space s ta t ion.  This s ta t ion  uses an mangemcent of three radial spokes, folded 
f o r  launch, and deployed after arrival i n  orbi t .  Figure 3-16~ shows the  NASA 
MSC zero "g" 24 man space s ta t ion  which u t i l i z e s  a cyl indrical  can arrWWment. 
*om t h e  studies reported i n  References 17, 18, 19, and 20 there are no insur- 
mountable engineering problems associated with any of these s ta t ions.  
them are within the launch capabili ty of the Saturn V and are -able of being 

This s ta t ion  consists of six tangential  

A l l  of 
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resupplied at regular i n t e r v a l s  by the use of routinely scheduled logistics 
vehicles. The addition of o rb i t a l  launch operations equipment and o rb i t a l  
support vehicles t o  the space s ta t ions  w i l l  transform any one of the s p a e  
s ta t ions i n t o  a full-fledged O r b i t a l  Launch Support Facility wi th  the capability 
t o  support any of the  guideline missions. 



4. CONCLUSIONS 

In view of the many tasks t o  be performed i n  Orbital Launch Operations 
i n  support of the guideline missions, some form of support is  required. 
support may be supplied by e i ther  of two modes. 
temporary vehicles staffed with a checkout crew, which dock wi th  the Orb i t a l  
Launch Vehicles and remain i n  orb i t  un t i l  launch following which the vehicles 
and checkout crew return t o  E a r t h .  
Orhi ta l  Launch Support Faci l i ty .  
economics and advantages of each may be found i n  Volume 11. 

This 
One mode is by means of 

The second mode is  by means of a permanent 
A discussion of these modes and the relat ive 

Based on current knowledge of t h e  numbers of personnel required and 
special  equipment required f o r  Orbital Launch Operations, the designs of the 
la,rge manned space s ta t ions ynder study by NASA could, wi th  sane modifications, 
serve as an Orbital  Launch Support Facil i ty.  
Orbi ta l  Launch Support Faci l i ty  could, at the stme time, perform other jobs of 
an experimental or sc ien t i f ic  nature since canbinations of other jobs with 
o rb i t a l  support functions have n o t  been analyzed. The logistics and personnel 
(both i n  numbers and i n  t ra ining)  requirements f o r  such combinations of jobs 
become highly important i n  detennining the f eas ib i l i t y  of such arrangements. 

This i s  not t o  say that such an 

There is not, a t  t h i s  time, a clear  cut requirement fo r  an orbi ta l  
hangar f o r  the guideline mission Orbital Launch Vehicles. 
a hangar poses significant problems, especially if attached t o  the f ac i l i t y .  
A hangar, designed in t eg ra l ly  with the Orbi ta l  Launch Support Faci l i ty ,  f o r  
the Orbital  Support Equipment or  logis t ics  vehicles m a ~ r  be jus t i f ied  i n  view 
of the long orb i ta l  stay t i m e ;  however, no analyses of t h i s  case has been per- 
formed i n  t h i s  study. 

The addition of such 

0 
The use of nuclear systems i n  orb i ta l  launch operations imposes re- 

quirements f o r  personnel shielding, facil i ty or mission vehicle orientation 
and specif ic  operational procedures. 
sion engines results i n  extreme weight penalt ies f o r  shielded f a c i l i t i e s ;  t h e  
magnitude is such that it would probably require an additional Saturn V launch 
vehicle. 

R e p a i r  and maintenance on nuclear propul- 

Cazgo and personnel transfer between hard docked and separated vehicles 
i s  feasible by several means. 
by ambulatory means. 
means of the handcarry method. 
personnel and cargo is by the breeches buoy method. 
these methods are  conditionally reccuunended at t h i s  time. 

Hard docked transfer of personnel is best done 
It is recommended tha t  cargo t ransfer  be accomplished by 

The recammendation fo r  remote transfer of both 
Pending further analysis, 

I n  the area of Orbital Support Vehicles, there are a number of tasks 
t o  be performed which require support vehicles such as the Orbital  Support and 
Assembly Vehicle (OSAV) and a crew module f o r  transport of personnel. 
spacecraft not specif ical ly  developed f o r  O r b i t a l  Launch Operations m a ~ r  sa t i s fy  
some of these tasks, These include vehicles such as the  Gemini, Apollo, 6-man 
Modified Apollo (MOW) , 12-man b a l l i s t i c  or l i f t i n g  vehicles , 10-ton Reuseable 
O r b i t a l  Carrier, Astronaut Maneuvering U n i t ,  e t c .  

Other 
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Logistics requirements f o r  support of both the O r b i t a l  Launch Support 
Fac i l i t y  and the guideline missions may be sa t i a f i ed  by routine,  periodic 
resupply f l i g h t s  using either the Saturn IB or  the 10-ton Reuseable Orbital  
Carrier. 

Evolutionary development of the  Orbi ta l  Launch Support Fac i l i t y  is 
possible by one of two methods. One i s  t o  use a modified MORL as a building 
block and assemble it i n  c lus te rs  of two or four depending upon manpower re- 
quirements. Later orbital f a c i l i t i e s  may then be designed t o  incorporate the 
findings of the first MORL. 
ceed directly with a large space atation/Orbital  Launch Support Fac i l i t y  
design with the  capabili ty f o r  providing ar t i f ic ia l  gravi ty  by means of rota- 
t ion .  Should the MIRL program prove that ar t i f ic ia l  gravi ty  is not required, 
then this  f a c i l i t y  would not have t o  be rotated.  
Support F a c i l i t i e s  would then be designed t o  incorporate whichever type of 
gravity provision i s  determined t o  be necessary. 

An alternate and more log ica l  approach is t o  pro- 

Later, larger Orbital  Launch 
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5. RECOMMENDATIONS FOR FUR!CHER STUDY 

It is l.ecommended that additional work be done i n  examination of 
methods of adapting large manned space s ta t ions t o  the role  of an Orbital hunch 
Support Faci l i ty .  
studies should be continued. 
studies should be fully u t i l i zed  i n  t h i s  e f for t .  
guideline mission subsystems should be obtained t o  permit bet ter  definit ion of 
support equipment. 

In  addition, independent Orbi ta l  Launch Support Fac i l i t i e s  
The results of NASA sponsored space s t a t ion  

More detailed knowledge of 

The need fo r  an orbi ta l  hang= should be examined further.  
mined t o  be necessary, methods of providing a hangar should be studied i n  more 
d e t a i l  . 

If deter- 

The operational implications of nucleax systems should be studied 
A deeper penetration into methods of handling, servicing and repair- M h e r .  

ing of "hot" nuclear engines should be conducted. 

More work needs t o  be done i n  the area of orb i t a l  support vehicles. 
A be t t e r  definit ion of the Orbital Support Assembly Vehicle and its role I s  
required. 
de t a i l .  Specific methods of implementing various o rb i t a l  launch operations 
tasks shouldbe examined. 

Other support vehicles and t h e i r  roles should be determined i n  more 
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This appendix contains a l i s t i n g  of t h e  major operations broken down 
in to  a series of events f o r  t h e  supporting functions required i n  M h  o rb i t  
t o  prepare, checkout, and launch each of t h e  guideline rnission vehicle8, as 
discussed i n  Section 4 of t h i s  volume. 
quiring a different method of execution with or without an O W  have been 
identified and are presented fo r  e i ther  condition. 

Major operations and/or events re- 

The nzaz~ner of accorqlishing each operation and/or went, the man/ 
machine tasks, t h e  kinds of s k i l l s  and number of personnel required, t i m e  re- 

etc., are presented i n  the  Function and Task Analysis re su l t s  
B, C, D, and E.)* 

The reader is cautiones3 that csch major operation and its events 
breakdown axe not necessarily directly comparable i n  magnitude -- e i the r  within 
a given rnission sequence o r  when compared t o  different rnission sequences, 
IThereas it is generally true that the greater t h e  number of  operations required 
t o  prepare a vehicle f o r  o r b i t a l  launch, t he  longer t h e  time required, there  
is no d i r ec t  r a t io ,  
would require tirice as lo%, nor would t h e  i i ~ i t u d e  of t h e  e f f o r t  n e c e s s a r i b  
be  twice as Teat, t o  launch a given vehicle requiring 40 operations a6 com- 
pared t o  lamchi% another vehicle requiring 29 operations. 
jective in  l i s t i n g  these suppx-tinz operations vas t o  be sure (vithin t h e  extent 
of knowledge zvailable) t o  describe all those operations r e q u i r d .  
doim of each i,lajor operation is t o  soiie extent a rb i t ra ry .  
Fcnction and Task Analysis lms treat& each operation and event individually 
i n  estimatinl: t he  required t ine ,  personnel, auxiliary equipinent, etc. 

For m. ip l e ,  it does not necessarily hold t r u e  that it 

Die first ob- 

The break- 
I n  any case, the 

It is pointed out that the sequences of t h i s  appendix were derived 

Hcwever ,  these event sequences do pro- 
ear ly  i n  t h e  study, and as such, may not be completely consistent with t h e  
later findings outlined i n  Volum 11. 
vide a reasonable base on which t o  evaluate t h e  required o r b i t a l  support 
functions and t o  nalre estimations of rxmpower and equipment f o r  t h e  require4 
support. 
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Major Operation No. Event Description of Operations & %ents 

1 

2a 
(w/o OLSF) 

2b 
(with OISF) 

3 

1 
2 
3 
4 

1 
2 
3 

1 

2 
3 

1 
2 
3 

4 
5 
6 

4 

1 
2 

3 

4 
5 
6 

Launch b&s Flyby Vehicle t o  E&rth o r b i t  
(manned by paz% of checkout crew) 

Launch to p k i n f :  o r b i t  
8epwate and jettison f'airing 
Traslsfer t o  assembly o r b i t  
Activate vehicle guidance system 

hunch Orbital Support Vehicle t o  m h  
Orbit (ntanned by rest of ChWliOut crew) 

Launch t o  parking o r b i t  
Separate and j e t t i son  f a i r ing  
Transfer t o  assembly o r b i t  

Transfer Orbital Support Vehicle t o  
Mission Vehicle 

Transfer rest of checkout crew f r o m  
OLSF to support vehicle. 
Sepamte support vehicle from OLSF. 
Transfer support vehicle t o  mission 
vehicle. 

Rendezvous and Dock Orbital Support 
Vehicle with Nission Vehicle 

Perf o m  rendezwus inaneuver 
Dock support vehicle \ /mission Veh. 
C r e w  t r ans fe r  as required f o r  
erection operations 
Deactivate all RF equipment 
Deactivate required pyrotechnics 
Activate RF equipment 

Perform Erection Operations on Mission 
Vehicle 

Initiate erection operations 
Posit ion mission command module on 
spoke 
Rotate and position service module 
on spoke 
Mend spokes 
Lock spokes and 7i1odules in position 
Xffect pressurization seals at fold- 
l i nes  
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Major Operation No. 

5 

6 

7 

8 

Event - Description of Operations & Events 

G(continued) (a) Perform welding operations 
at  foldlines.  

7 Reposition in te rna l  arranganent of 
command module. 

(a) Reposition displays and 
controls. 

(b)  Reposition mission cormnand- 
ers r e s t r a i n t  systen. 

8 

1 
2 
3 

1 
2 

3 
4 

1 
2 
3 

Assemble elevator i n  spoke assembly. 

Perform checkout of Mission Vehicle 

Activate vehicle pressurization sys- 
t e m .  
Activate vehicle primary electrical 
power system. 
Perforin checkout of mission vehicle. 

V e r i f ' y  s t a tus  of all systems - c a l l  
f o r  next payload. 

Launch Propellant Tanker No. 1 t o  
Earth O r b i t  (unmanned) 

Launch t o  parking o r b i t  
Separate launch f a i r i n g  
Transfer t o  wseinbly o rb i t  

Rendezvous and Dock Propellant Tanker 
No. 1 t o  Mss ion  Vehicle 

Perfom rendezvous inaneuver, 
Dock propellant tanker t o  mission 
propulsion module. 
Position propellant transfer lines 
Confirm s t a t u s  - c a l l  f o r  next; pay- 
load. 

Launch Pr0pelLan.t; Tanker No. 2 t o  
Earth Orbit 

Launch t o  parkine; o r b i t  
Separate launch f a i r i n g  
Transfer t o  assembly o rb i t  



Efvent - N o r  Operation No. 

9 

10 

11 

1 
2 

3 

1 
2 

3 

5 
6 

1 
2 

3 
4 

13 

Description of Operations 8c Events 

Rendezvous and Dock Propellant Tanker 
No, 2 t o  Itission Vehicle 

Perform rendezvous manewer 
Dock propellant tanker t o  mission 
propulsion module. 
Posit ion propellant transfer l ines ,  

Perform Checkout of Mission Vehicle 

Activate all systems 
Perfom and monitor checkout of 
mission vehicle. 
Complete vehicle checkout - verify 
vehicle ready f o r  propellant trans- 
fer. 

Perform Propellant Transfer from Pro- 
pel lant  Tankers t o  Mission Vehicle 
Earth Escape Booster 

I n i t i a t e  propellant transfer opera- 
t ion.  
Observe propellant transfer areas 
of possible leakage. 
Observe vent l i n e s  f o r  proper vent- 
ing. 
Eionitor propellant mass t ransferred - 
terminate propellant transfer at 
pre-determined quantity. 
Terminate t r ans fe r  operation. 
Verify s t a t u s  of vehicle and quantity 
of propellants. 

Separate Propellant Tankers 

Separate tankers f ron mission vehicle. 
Posit ion propellant tankers away from 
mission vehicle. 
Inspect propellant servicing areas, 
Cwduct visual  inspection of s t ruc ture  
f o r  possible darmge incurred during 
separation of tanker modules. 

Perfomi Checkout of blission Vehicle 

1 Deactivate al l  RF systems, 
2 Activate pyrotechnic systems. 
3 Activate a l l  required systems. 
4 Confirm ephemeris data. 
5 Conduct checkout of mission vehicle. 
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hbent - b!ajor Operation No . 
13 (continued) 6 a 

10 

14 

1 

2 

1 
2 

3 
4 

16 

1 
2 

3 

4 

Description of Operations eC Events - 
Conplete checkoct - conflrr,l s t a tus  
of vehicle. 
Position support vehicle  f o r  servicing 
iliission vehicle . 
Connect service lines from support 
vehicle t o  mission vehicle . 
Perform service functions - t o p  off 
a l l  systems as required. 
Confirm status of nission vehicle for 
o r b i t  launch. Verify vehicle ready 
f o r  1:iission crew. 

Separate Orbital  Support  Vehicle - 
Transfer t o  Parkin?; Orbit 

Separate support  vehicle with majority 
of checkout crew aboard from inission 
vehicle. 
Transfer support vehicle  t o  larking 
o r b i t  . 
Hote: Support vehicle waits i n  orbi-5 
f o r  la~mch of mission vehicle. The 
parking o rb i t  w i l l  b e  such -that tlie 
support vehicle can provide te levis ion 
coverase of t h e  o r b i t  launch. Also ,  
t h e  support vehicle must s ’ i d b y  t o  
effect possible emergency repairs 
pr ior  -bo launch. 

- 

Launch 1.Xssion C r e w  C a r r i e r  t o  i k t h  
Orbit (manned by i.iission crew) 

Launch t o  parking o r b i t  
S e p m t  e and j e t t i son  f a i r i n g  an& 
lau.nch escape propulsion. 
Transfer t o  assembly orbi t .  
Separate payload and boost ctc,ze. 

Bendezvous and Doc!: idission C r e w  Carrier 
with 14ission Vehiclt 

Perfom rendezvous maneuver. 
Dock Idission Crew Carrier  with 
Mission Vehicle. 
Nission crew transfer t o  mission 
vehicle. 
Final part of checkout crew trans- 
fer t o  mission crew carrier. 
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MaJor - Operation No. &ent 

17 

1 

2 

18 

1 

1 
2 
3 

4 
5 

6 
7 

20 

1 
2 

3 

Description of Operations & Arents . 

Separate Mission C r e w  Carrier and Trans- 
fer t o  Parking Orbit 

Separate Mission Crew C a r r i e r  (man- 
ned by part  of checkout crew) from 
mission vehicle. 
Transfer mission crew ca r r i e r  t o  
parking orbit .  - Note: Mission C r e w  C a r r i e r  waits i n  
o rb i t  fo r  launch of mission vehicle. 
The parking orb i t  w i l l  be such that 
the  support vehicle can provide tele- 
vision coverage of t h e  o rb i t  launch. 
The mission crew ca r r i e r  must also 
standby t o  effect possible emergency 
repairs pr ior  t o  launch. 

Mission C r e w  Conduct Mission Readiness 
Test 

Perform mission readiness test - 
checkout a l l  systems operation - 
confirm status. 
Perform simulated countdown and 
hunch. 
Confirm ephemeris dah and vehicle 
a t t i t u d e  f o r  launch. 
Confirm vehicle ready fo r  comtdown. 

Conduct Be-launch Opmtions  and 
CoUntdoTm 

I n i t i a t e  pre-launch operations 
Verify s ta tus  of vehicle systems 
Monitor bio-med. data: verify m i s -  
sion personnel ready. 
I n i t i a t e  simulated countdown. 
Cornplebe pre-launch operations and 
countdown. 
Confirm vehicle s ta tus .  
B t a b l i s h  vehicle ready f o r  final 
countdown. 

Initiate Final Countdown 

S t a r t  countdown of rnission vehicle. 
Confirm relative position of Sup- 
port Vehicle and Mission C r e w  
C a r r i e r .  
Complete all countdown up t o  auto- 
roatic sequence portion. 
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E!vent - Major Operation No. 

20 (continued) 4 

5 

21 

1 
2 
3 
4 

Description of Operations & B e n t s  . 
_I 

I n i t i a t e  countdown "hold" - synchronize 
launch time with automatic launch 
count . 
I n i t i a t e  automatic countdown sequence. 

Mission Vehicle Launch 

I n i t i a t e  launch sequence. 
Launch f'rom orbi t .  
Support vehicles monitor launch. 
Support vehicle and mission crew 
c a r r i e r  return t o  station. 



Major Operation No. hbent 

1 

2 

3a 
(w/o OLSF) 

3b 
(with OLSF) 

1 
2 

3 
4 
5 
6 

1 

2 
3 
4 

5 
6 
7 
8 

1 
2 

3 

1 

2 
3 

4 

Description of Operations & Ehrents 

Launch M-3 and M-4 Stages and L i f e  Support 
Section (ISS) t o  Birth Orbit. 
ned by part of checkout crew. 

Note: Man- 

Launch t o  pa.rlsing orb i t  
Separate and j e t t i son  f a i r i n g  and 
launch escape propulsion. 
!Transfer t o  assembly orb i t .  
Separate payload and boost stage, 
Sepzate launch s t ruc ture  and adaptor. 
Activate navigation and guidance sys- 
tems. 

Conduct Checkout of PI-3 and N-4 Stages 
and U S  

lleposition re-entry vehicle f o r  m i s -  
sion. 
C r e w  transfer t o  LSS. 
Deactivate required systems. 
Deactivate and/or remove required 
pyrotechnics. 
Store p;)Totechnics as required. 
Activate required systems. 
Perform checkout of re-entqy vehicle 
Verify s t a tus  of re-entry vehicle - 
ca l l  f o r  next payload. 

Launch Orbital  Support Vehicle No. 1 
(ma;nn& by rest of checkout crew) 

hunch  t o  parking orb i t .  
Separate and j e t t i son  f a i r i n g  and 
launch escape propulsion . 
Transfer t o  assembly orb i t .  

Transfer Orbi ta l  Support Vehicle t o  LSS 
(manned by rest  of checkout crew) 

Transfer checkout crew from OLSF t o  
support vehicle. 
Separate support vehicle from OLSF. 
Transfer support vehicle t o  LSS. 

Rendezvous and Dock Orbi ta l  Support 
Vehicle with TSS 

1 Perfon;? rendezvous iilaneuver 
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NaJor - -  Operation No . Event 

4 (continued) 2 
0 

3 

4 

5 

r 

i, 

7 

8 

1 
2 
3 

1 
2 
3 
4 
5 

1 

2 

3 

4 

5 

I_- 

D e s c 9 t i o n  -.-_ of Operations 80 Events 

Dock s u p p r t  vehicle t o  LSS section 
C r e w  transfer as required fo r  mission 
vehicle checkout operations. 
Confim mission vehicle s ta tus  - c a l l  
for ncxt payload. 

Launch 14-2 Stage Payload t o  Zar-tIi Orbit 

Launch t o  parking orb i t  
Sepmzke and j e t t i son  f a i r ing  
l'ransfer t o  assenbly o rb i t  

Rendezvous and Doc?; 1;-2 Stage Payload 
t o  1;-3 Star;e v 

Perform rendezvous maneuver. 
Align 1;-2 Stage t o  i.1-3 Stage. 
Dock 11-2 Stage t o  1";-3 Stage. 
Confim s ta tus  of nission vehicle 
Sepaxate Ti-2 &a;.e payload and 
transtage. 

Chechut crev transfer as required 
f o r  asseubly operations . 
C0nfin.1 a l ipmen t  of elec-tric,d 
ccrulectors at interface of ;L-2 and 
;I-3 Stages. 
Conf inn ali:;n:.:ent of plviibing 
connectors a t  interfzce of Ii-2 and 
1;-3 stages. 
Coi iplete asseinbly operations. Se- 
cure ac lmnica l  a t t a c h ~ e n t s  at  in- 
terface.  
I n s t a l l  separation systan, Note: 
I$ro"chnic syster,~ deactivated and/or 
grounded. 
Con firm as s emb ly operations c oxple t  e. 

Perform Checkout of 14-2 Stage 

Ac 'c iva t  e mission vehicle checkout 
equ ipnent . 
Per fom checkout of mission vehicle 
systems . 
Ccnf i l i a  s ta tus  of mission vehicle 
systems - ca l l  f o r  next payload. 



!lla j o r  Operation 110. - I- LVent 

9 

10 

11 

13 

1 
2 
3 

1 

2 

3 

4 

5 

6 

1 
2 
3 

14 

1 
2 

Description of Operations & Events . 

Launch 1,i-U Sta!;e Payload t o  b r t h  Orbit 

- _--I_-- 

Launch t o  paxlcing oi*blt 
Separate and Jet t ison f a i r ing  
Transfer t o  assembly o rb i t  

Rendezvous and Dock N-LB Staee Payload 
t o  M-2 Stage 

Perforiii rendezvous maneuver 
Align Pi-lB Stace t o  14-2 Stage 
Dock M-lJ3 Stage t o  PI-2 Stage 
Confim s t a tus  of mission vehicle 
Separate h i - lB  stage and transtage 

Assemble 1.1-lB StaZe t o  11-2 Stage 

Checkout crew transfer  as required 
f o r  assembly operations 
Conf inn ali[pinent of electrical 
connectors a t  interface of i.i-lI3 & 
Id-2 Stages 
Conf inn alignixnt of plwbiny; 
connectors at interface of 13-2 & r.I+ 
S’iaL;cs 
Conplete assembk; operations Secure 
mechanical attachilents at interface 
I n s t a l l  separation systeu. Note: 
I-3rl.oteclmic system deactivated and/or 
groctnclccl. 
Ccnf i m  asse1,ibl.y operations coinple-te. 

Activate i,lission vehicle checkout 
equipiaent 
Perform checkout of ;ilission vehicle 
s y s t eras  
Confimn s t a tus  of rnission vehicle 
sys tem - cal l  f o r  next payload. 

Launch Id-IA Stage Payload t o  &rth Orbit 

Launch t o  parkin;.; o rb i t  
Separate and j e t t i son  f a i r ing  
Transfer t o  assembly o rb i t  

Rendezvous and Dock 1;-lA Stage Payload 
t o  14-IB Stace 

Perform rendezvous rnmevver 
A l i L n  Id-U StaCe t o  I,l-lB Staze 
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Event - Mujor Opere t i o n  No. a 
14 (continued) 3 

4 
5 

15  

1 

2 

3 

4 

5 

16 

1 
2 
3 

17b 
(with OLSF) 

1 

2 

3 

4 

Description of Operations 8s Wents . 

Dock M-IA Stage to M - I B  Stage 
Confirm s ta tus  of mission vehicle 
Sepa,rate M - l l l  stage and transtage 

Assemble M-lA S t w e  t o  M-lB Stage 

Checkout crew transfer as required 
f o r  assembly operations. 
Confirm alignment of electrical 
connectors at  interface of M - l B  rtnd 
M-IA stages. 
Confirm alignment of plumbing 
connectors at  interface of 14-2 & M-3 
stages. 
Complete assembly operations. Secure 
mechanical attachments at interf'ace. 
Confirm assembly operations complete. 

Perfom lk jo r  Checkout of Complete 
Mission Vehicle 

Activate mission vehicle checkout 
equipment 
Perform major checkout of missior, 
vehicle systems 
Confirm s ta tus  of mission vehicle 
systems 
Establish log is t ics  requirements - 
c a l l  for  next o rb i t a l  support vehicle 

Launch Orbital Support Vehicle No, 2 

Iaunch t o  parking orb i t  
Separate and je t t i son  launch fairing 
Transfer t o  assembly o rb i t  

Transfer Orbital Support Vehicle fo r  
Resupply 

Transfer support vehicle from Iss 
to  OLSF 
Rendezvous and dock support vehicle 
with OISF 
Transfer log is t ic  requirements for 
mission vehicle fkorn OLSF to support 
vehicle 
Transfer support vehicle f'rom OISF 
t o  Iss 
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Lken t 
__I 

Major Operation No. - 

18 

20 

21 

1 
2 
3 

4 

1 
2 
3 
4 
5a 

(w/o OLSF) 
5b 

(with OLSF) 

6 

1 
2 
3 

1 
2 

22 

1 

2 

3 
4 

Description -- of Operations & Events - 
Rendezvous and Dock Orbital Support 
Vehicle t o  LSS 

Perform rendezvous rmneuver 
Dock support vehicle t o  LSS 
Transfer l og i s t i c s  requirements from 
support vehicle t o  ISS 
Confirm mission vehicle s t a tus  - 
ready f o r  service functions 

Perform Service Functions - Refirbish 
Mission Vehicle Systems 

Connect service l ines  
Service systems as required 
Re-establish mission spmes level 
Perform routine tmintenance itens 
Establish routine duty cycle and 
maintenance sh i f t s .  
R e t u r n  personnel t o  OUF as appli-  
cable. partial manning of OLV f o r  
routine maintenance. Return support 
vehicle t o  OLV when next payload is 
launched. 
When applicable, confirm mission 
vehicle s ta tus  acceptable for next 
payload 

Launch Propellant Tanker No. 1 t o  Zwth 
Orb it 

Launch t o  parking o rb i t  
Separate and j e t t i son  launch f a i r ing  
"ransf er t o  assembly o rb i t  

Rendezvous and Dock Propellant Tanker 
No. 1 with Mission Vehicle 

Perf ol'i17 rendezvous maneuver 
Dock propellant tanker t o  mission 
propulsion module. 

Position Propellant Tank Module and 
Connect Service Lines 

Align propellant tank rnodule as re- 
quired. 
Remove covers from propellant t ransfer  
areas 
Connect propellant transfer l i n e s  
Call f o r  next payload 

A-12 



&ent __. Major - Operation No. 

23 
a Description of Operations & Ekents --- 

Launch Propellant Tanker No. 2 t o  Ehrth 
Orbit 

Bents same as f o r  blajor Operation 
No. 20 

0 

24 Rendezvous and Dock Propellant Tanker 
No. 2 with Mission Vehicle 

0 Events same as f o r  Major Operation 
No. 2 1  

25 Position Propellant Tank Module and 
Connect Service Lines 

Events same as for  Major Operation 
No. 22 

0 

26 Launch Propellant Tanker No. 3 t o  
Earth O r b i t  

0 Events same aa f o r  Major Operation 
No. 20 

27 Rendezvous and Dock Propellant W k e r  
No. 3 with Mission Vehicle 

Bvents sanie as for Najor Opeu9;tion 
No. 21  

0 

28 Position Propellant Tank M u l e  and 
Connect Service Lines 

Bvents same as f o r  Major Opemtion 
No. 22 

0 

29 Perform Checkout of Mission Vehicle 

1 
2 
3 

Activate all systems 
Perform aad monitor checkout of OLV 
Complete mission vehicle checkout - 
ver i fy  mission vehicle ready for  
propellant t ransfer  

30 Perf o m  PropelJ&nt Transfer Operation 

I n i t i a t e  propellant transfer opera- 
t ion 
Observe propellant transfer areas fo r  
possible leawe 
Observe vent l i n e s  f o r  proper venting 
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Major Operation No. L%ent 

30 (continued) 4 

5 
G 

31 

33a 
(w/o OZSF) 

1 
2 
3 

4 

1 
2 
3 
4 
5 

1 
2 
3 

3 3  
(with OLSF) 

4 

Description of Operations & hbents 

Ibni tor  propellant mass transferred- 
terminate p rope lhn t  transfer a t  pre- 
determined quantity 
Tewiinate transfer operation 
Verify s t a tus  of mission vehicle and 
quantity of propellants 

Separate Propellant Tankers from OLV 

Separate propellant tankers 
Position tankers away from OLV 
Inspect propellant servicing axeas 
f o r  securi ty  
Conduct v i sua l  inspection of struc- 
t u r e  f o r  any possible damace in- 
curred durin@ separation of propellrant 
tanker ciodules 

Perform Checkout of OLV 

Deactivate a l l  RF sys tem 
Activate all pyrotechnic systems 
Activate all required systenis 
Conduct checkout of OLV 
Cornplete checkout of OLV - establ ish 
l o c i s t i c s  require:nents for  OLV 

Launch Orbital  Support Vehicle No. 3 t o  
Earth Orbit 

Launch t o  parking o r b i t  
Separate  and ;jettison launch f a i r ing  
‘l’ransfer t o  asseriibu o r b i t  

Transfer Orbital  Support Vehicle from 
U S  t o  OLSF 

Transfer support vehicle from U S  
t o  OLSF 
13eridezvov.s and dock support vehicle 
with OUF 
Transfer l og i s t i c s  requiremen’cs f o r  
mission vehicle froin OLSF t o  s u p p o r t  
vehicle 
Transfer support  vehicle from OLSF 
t o  Lss 
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1.b j o r  Operation No. .- 

34 

35 

36 

37 

38 

1 
2 
3 

4 

1 
2 
3 
4 

1 
2 

3 
4 

1 
2 

3 

4 

5 

6 

1 

2 

Description of Operations & Events 

Rendezvous and Dock Orbital Support 
Vehicle t o  LSS 

Perform rendezvous maneuver 
Dock support  vehicle to ISS 
Transfer l og i s t i c s  requirements 
from support vehicle to ISS 
Confirm mission vehicle ready for  
service 

Perform Service Functions - Refurbish 
Mission Vehicle 

Connect service l i nes  
Re-establish rnissim spares level 
Complete routine maintenance checks 
Confirm mission vehicle ready f o r  
mission crew. 

Launch Mission C r e w  Carrrfer - h b e d  by 
Nission C r e w  

hunch t o  parking o r b i t  
Separate and j e t t i son  f a i r i n g  and 
launch escape propulsion. 
Transfer t o  assembly o r b i t  
Separate payload and boost stage 

Rendezvous and Dock Piission C r e w  C a r r i e r  
with U S  

Perform rendezvous rnaneuver 
Dock mission crew c a r r i e r  with m i s -  
sion vehicle 
Mission cretr transfer t o  mission 
vehicle 
pa;rCt of checkout crew transfer t o  
mission crew c a r r i e r  
Complete service functions on al l  OLV 

All remaining checkout crew transfer 
t o  support vehicles 

Sy8tetllS 

Separate Orbital  Support Vehicles No. 1, 
2, and 3 and Mission C r e w  C a r r i e r  
(manned by Checkout C r e w )  

Separate support vehicles from m i s -  
s ion vehicle 
lbmsfer t o  parking o r b i t  
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E?vent - Major Operation No. 

39 

40 

41 

42 

1 

1 

2 

3 

4 

1 
2 

3 
4 

5 
6 

1 
2 

3 

4 
5 

43 

1 
2 

Description of Operations & Events 

Transfer Orbital  Support Vehicles and 
Mission C r e w  C a r r i e r  t o  Pmking Orbit  

Transfer vehicles t o  parking orbi t .  
Note: - 
o r b i t  for  launch of OLV. The park- 
ing o rb i t  will be such tha t  t he  
support vehicle can provide tele- 
vision coverage of t h e  o r b i t  lamah. 

Mission C r e w  Carrier waits i n  

Mission Crew Conduct Mission Readiness 
Tes t  

Perform mission readiness test - 
checkout a l l  systems operation - 
conf inn s t a tus  
Perform simulated. countdown and 
launch 
Confirrii ephemeris data and mission 
vehicle attitude f o r  launch 
Confirrn mission vehicle ready f o r  
countd.own . 

Conduct Pre-Launch Operations and 
Countdown 

I n i t i a t e  pre-launch operations 
V e r i f ; .  s t a tu s  of mission vehicle 
systems 
I n i t i a t e  sirmilated. countdown 
Coinplete pre-launch operations & 
countdopm 
Confim mission vehicle s t a tus  
Establish mission vehicle ready 
f o r  f i n a l  countdown 

Initiate f ina l  countdotrn 

I n i t i a t e  countdown 
Complete all countdown up t o  auto- 
matic sequence portion. 
I n i t i a t e  countdown "hold" - synchronize 
launch t i m e  with au tomt ic  launch count. 
I n i t i a t e  au tomt ic  countdown sequence 
Confirm relative position of support 
vehicles 

I%rS Capture Mission - Launch 

I n i t i a t e  launch sequence 
Launch mission vehicle from earth 
o r b i t  
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Zvent -- blajor - Operation 110. 

43 (continued) 3 a 
44 

Description of Operations & Events 

Support vehicles monitor launch and 
confirm inject ion 

Orbi ta l  Support Vehicles and Mission 
C r e w  C m i e r  Return t o  Stat ion 

La Return t o  Ecucth. 

lb 
(w/o OLSF) 

(with OLSF) 
Support vehicle re turn t o  OLSF. 
Mission crew ca r r i e r  r e tu rn  t o  Essth. 
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Major Operation No. Event 

1 

2a 
(w/o OLSF) 

2b 
(vitt;h OUF) 

Description of Operations & LVents -- 
Launch Nuclear hopuls ion  Module and 
Lu.nm Ferry Corrrroand Module t o  &wth 
Orb it 

Launch t o  parking o r b i t  
Separate and j e t t i son  f a i r ing  
Transfer t o  assembly orb i t  
Separate payload and boost s”&ge 
Separate launch s t ructure  and adapter 
Activate Ferry guidance systan. 

Launch Orbital  Support Vehicle (with 
Checkout C r e w )  t o  b r t h  Orbit 

1 Launch t o  pazking o rb i t  
2 Sepamte and j e t t i son  fairin:: 
3 
4 

Separate pqyload and boost stage 
Transfer support vehicle. to assembly 
orb it. 

1 

2 
3 

3 

1 
2 

3 

4 

5 
G 
7 

8 
9 

10 

Transfer Orbital  Support Vehicle (with 
Checkout Crew) ko Lunar Ferry. 

Transfer checkout crew from OLSF 
to  support vehicle. 
Separate suppo-rb vehicle fro;Ii OISF. 
Transfer support vehicle fror.1 OLSF 
t o  LLW Ferry coi:mmd r;.,oclule. 

lxendezvous and Dock si1.ppor-t Vehicle with 
Lunar Ferry Coamnd Iiodule 

Perforin rendezvous ilianewer 
Dock support vehicle with Lunar Ferry 
corxand module 
C r e w  transfer i’ro~i support  vehicle 
t o  Lunar Ferry comr.md ~ ~ o d u l e  
Perform checkout of l i fe  support and 
electrical power systems 
Deactivate a l l  RF  equipment 
Deactivate destruct  sys ’cer,;s 
kit Lxnar Ferry coimand nodule (as 
r cqiLi ired ) 
Xel.iove ppotechnic  devices 
Xe..iove destruct u n i t  fro~ii nuclear 
ensine 
diore  pyrotechnics and destruct  un i t  

t 
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L*ent 
-_I 

i.;a j o r  Operation No. -- 

3 (continued) 11 

I2 

13 
14 
15  
16 

4 

1 

2 

3 

4 
5 

G 

5 

1 
2 

3 
4 

6 

1 
2 

Descriptkon of Operations & Zvents -- _I_- -~ 

Ins*tEtll fuses i n  p l aces  of ~:,TO- 

technics. 
Coimect servicinr  l i n e s  frolii suppor'~ 
vehicle t o  Lunar Ferry coiiir.md iodule 
Perf orr? service operations 
Disconnect service lines 
Activate F@ 6 y S t m ~  - confirni s t a tus  
Replace rout ine replacement itelns 
(if required) 

(a) Giiidance equipuient 
(b) Reaction control  

propellant systems 

Perform Checkout of Nuclear Propulsion 
biodule and Lunar F e r r j  Coiimand r.lodule 

Conduct v i s u a l  inspection of external 
s t ruc ture  
Conduct complete checkout of mission 
vehicle sys tem 
V e r i f y  all systems s t a tus  - es tab l i sh  
replacanlent items required t o  bring 
mission vehicle s t a tus  t o  mission 
readiness condition. 
D e a c t i v a t e  non-essential systans. 
C a l l  f o r  next vehicle f k o m  Earth 
bas e 
Reposition support vehicle amy from 
priczary docking fixture. 

Launch EEssion Crew and I?assen;.;er C a r r i c T ,  
Luna-  Cargo Eiodule lqo* 1 and PropeUmt 
Tanker Pi&de No. 1 to Earth O r b i t  

Lauiich t o  parking o r b i t  
Separa.te and j e t t i son  f a i r i n g  and 
launch escape propulsion as required 
Transfe t o  assembly o r b i t  
Separate payload and boost stage 

Rendezvous and Dock w i t h  Lunar Ferry 
Coinmand h d u l e  

Perform rendezvous maneuver 
Dock Mission C r e w  Carrier, Lunar 
Cargo lhiiule No. 1 and PropeUmt  
Tanker blodule No. 1 t o  Lunar Ferry 
command module, 
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went -I.-- I&, j o r  Opemtion IJo . .- 

6 (continued) 3 

7 

5 

6 
7 
8 

9 

1 
2 

3 

4 

5 

9 

10 

u. 

8 

1 

Transfer personnel and handcarry 
cargo (if  applicable) from c a r r i e r  
to Lunar Ferry command module. 
Deactivate all RF equipment. 
Deactivate pyrotechnic devices on 
i4ission C r e w  and kssenge r  C m i e r ,  
Lunar Cargo 14odule No. 1 and 
Propellant Tanker Module No. 1. 
Store pyrotechnic devices 
Activate required sys t em 
Remove covers from propellant 
servicing areas of propellant tanker 
No. 1 and propulsion module. 
Verify iiiission vehicle ready f o r  
m l o a d  positioning. 

Posit ion Propellant Tanker  Ibdule No. 1 
and Lunar C a r 0 0  Module No. 1 on Nuclear 
Propulsion Nodule 

likecute payload turn  amund. 
Posit ion f ron t  of propellant t a n l c  
No. 1 adjacent t o  propulsion module 
Sepamte propellant tanker No. 1 
from cargo module No. 1 
Posit ion propeUant tanker No. 1 
paxallel  with propulsion module 

and attach required structure. 
Conf i rrt i  alignment of propellant 
transfer l b e s  between propellant 
tanker ITo. 1 and propulsion module. 
Continue ro ta t ion  and positioning 
of luna3. ca;ry;o nodule No. 1. 
Position carc;o module No. 1 i n  f ront  
of propulsion module. 
Retract booms - confirm positioning 
of cargo nodule No. 1 on propulsion 
module. 
Attach cargo xodule No. 1 t o  pro- 
pulsion module. 
S e p t e  mission crew and passenger 
carrier No. 1 from cargo module No.1 
Extend booiiis and r o t a t e  c a r r i e r  and 
Lunar Ferry command module. 

Transfer Liission C r e w  and Passenger 
Cazrier No. 1 t o  Parl&g Orbit 

Transfer personnel (as requireci) 
from Lunar Femy cormnand module t o  
carrier. 
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1:&,jor OE_ra,tions No . Event 

a 8 (continued) 2 

6 

7 

8 
9 

9 

1 
2 

3 
4 

10 

1 
2 

3 

4 
5 

Description of O E a t i o n s  & E!vents -_ -- -- 
~ n s t a ~  pyroteclmics (as r e q u i r d )  
on carrier. 
V e r i f y  carrier s t a tus  acceptable fo r  
o rb i t a l  stay. 
Separate personnel carrier frorn L u r m  
Ferry coimand module. 
Transfer carrier t o  parking orbit .  
Note: Mission C r e w  and Passenger 
C a r r i e r  waits i n  orb i t  for re t run  
of Lunar Ferry, 
w i l l  be such that the  carrier can 
provide tclevision coverage of orb i t  

Ferry commnd inodule does not have 
Earth re-enhy c a p b i l i t y ,  t h i s  
casrier iilust also standby fo r  
personnel rescue. 
R e p a i r  and or  refurbish Luna;r Ferry 
Cocirmnd 1IoduI.e systems as required. 
Confirul status of mission vehicle 
and establish spare parts require- 
ments. 
Deactivate non-essential system. 
C U  f o r  next vehicle frorn Earth 
bas e . 

I_ 

The p l c i n g  o r b i t  

launch O f  L~nar Ferry. If L~nar 

Launch IEssion Crew and Passenger 
C a r r i e r  No. 2, Lunar Cargo YTodule No. 
2 and Propellant Tmlcer LIodv.le No. 2 
t o  I h r t h  Orbit 

Launch t o  pazking o rb i t  
Sepamte and je t t ison fa i r ing  and 
launch escape propulsion as required. 
Transfer t o  asseribw orb i t .  
Separate pas.load and boost stwe. 

Rendezvovs and Dock NO, 2 mV Paybad 
with LLW Ferry Cormand hlodule 

Perfom rendezvous inaneuver 
Dock bIission C r e w  and Passenger 
C a r r i e r ,  L i a a r  Cargo 14odule No. 2 
and h o p e l h a t  Tanker Nodule No. 2 
t o  LLW Ferry c o m ~  riiodule. 
Transfer personnel and haadcarry 
cargo (if  applicable) frorn carpier 
t o  Lunar Ferry command module. 
Deactivate a l l  lU? equipt?mrf,. 
Deactivate pyrotechnic devices on 
Mission C r m  and Passeny;er Carrier,  
Ldnar Cargo ibdule No, 1 and Pro- 
pellant Tanker bbdule No. 1. 
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Event Major Operation No. - 
1% (cont inua)  6 

7 
8 

9 

u. 

1 
2 

3 

4 

5 

9 

10 

ll 

12 

Description of Operations & Events 

Store pyrotechnic devices . 
Activate required systems. 
Remove covers f'rom propellant 
servicing areas of propellant tank- 
er and propulsion module. 
Verif'y mission vehicle ready f o r  
w l o a d  ps i t i on ing .  

Position Fropellaat Tanker Module No. 1 
and Lunar Cargo Nodule No. 1 on Nuclear 
Propulsion Module 

Ekecute payload turn wound. 
Position f ront  of propellant tank 
No. 2 adjacent t o  propulsion module. 
Separate propelhnt  tanker No. 2 
f r o r n  CWGO module. 
Position propellant tanker N0.2 
paral le l  with propulsion module and 
a t tach  required structure. 
Confirrn alignment of propeXbnt 
transfer l i n e s  between propellant 
tanker No. 2 and propulsion m o d u l e .  
Continue ro ta t ion  and positioning of 

Position cargo module No. 2 i n  f ront  
of cargo Module No. 1 
R e t r a c t  booms - confirm positioning 
of cargo modu.le No. 2 on cargo nmdule 

Attach caxgo module No. 2 to cargo 
module No. 1. 
S e p t e  carrier from cargo module 

mend boor,=, r o t a t e  c a r r i e r  and 
Lumr Ferry command module. 
Position Lunar Ferry command module 
on cargo modules. 

~ U W  CWE;O 111odule NO. 2. 

NO. 1. 

NO. 2. 

'Pransfer Mission C r e w  and Passenger 
C a r r i e r  No. 2 to Farking Orbit 

Transfer personne~- (as required) 
fron Lunar Ferry c o d  module t o  
carrier. 
~nstall pyrotechnics (as required) 
on carrier. 
Verif'y carrier s t a tus  acceptable 
f o r  o r b i t a l  stay. 
S-te carrier from Lunar Ferry 
command module. 
Transfer c a r r i e r  t o  pxlsing orbi t .  
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Na j o r  Operation No. l3vent 

0 12 (continued) 

6 

7 

1 
2 

3 

14 

1 

2 

3 
4 

5 
6 

15 

Descr=ion ___ of Operations & hkents 
--._ --- ---_I_- 

Note: - i4ission C r e w  and Passenger 
Carrier waits i n  o rb i t  f o r  re turn 
of Lunar Ferry. 
w i l l  be  such t h a t  t h e  c m r i e r  can 
provide te levis ion coverase of 
o rb i t  launch of Lunar Ferry. 
Lunar  Ferry co:.p.mnd ~iodule does not 
have EWth re-entrj capabili ty,  
t h i s  carrier mist standby f o r  
personnel rescue . 
Repai r  and/or refurbish Lunar Ferry 
comnnd inodule systems as required. 
Confirm s t a tus  of mission vehicle. 

The pRZli*ini; o rb i t  

If 

Activate a l l  sys tem 
Perform and monitor checkout of  

Complete mission vehicle checkout - 
verify mission vehicle r w  f o r  
propellant transfer . 
 luna^. Ferry Systems. 

Perfomn EropcUant Transfer from 
Propellant Tanlrers t o  Nuclear e o p u l -  
sion Nodule 

Init iate propellant transfer opera- 
t ion.  
Observe propellant transfer meas 
f o r  possible lealra:,e. 
Observe vent l i n e s  for  proper venting 
!/Ionitor propellant ~XSS transferral - 
terminate transfer at pre-detencined 
quantity ( t h i s  quantity dependent upon 
nission velocity requirements). 
Terminate  transfer 
V e r i f y  s t a tus  of mission vehicle 
and quantity of propellants. 

Sepam-Le Propellant Tanker l~lo&ales 
f’rom Nuclear Propulsion Nodule 

Separate propellaiit tanker modules 
awqy f’rom n x l e a r  propulsion module. 
Position %an:-.er iaod~des away fro1 i 
nuclear propulsion i iodule. 
Inspect propellant servicing mais - 
replace servicing area covers. 
Conduct v i s u a l  inspection of s’cruc- 
% w e  for possible dmia<e incurred 
during sep.-lm.tion oi’ tanker modules. 
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&b jo r  Operation No . Event 

16 

1 

2 

3 

4 
5 
6 

10 

ll 

12 

13 

Description of Operations & Events 

Perform Checkout of Lunar Ferry 

!lhrn-off all FtF and otlier non-essential 
systems . 
I n s t a l l  pyrotechnics, shaped charges, 
and destruct uni ts  as required on 

Store pyrotechnics in Lunar Ferry 
(pyrotechnics t o  be u t i l i zed  In 

Activate all systems. 
Confirm ephemerris data. 
Conduct checkout of mission vahicle 
system3 . 
Complete checkout - confirrn statue 
of mission vehicle. 
Position support vehicle to primarry 
docking structure.  
Connect service l i nes  from support 
vehicle t o  Lunar Ferry commend 
module. 
Perform service f'unctions - top off 
a l l  systems as required. 
Confirm s ta tus  of mission vehicle f o r  
o rb i t  launch. 

vehicle. 
Checkout crerw tranefer from Lunar 
Ferny commEtnd module t o  support veh. 

LW Ferry. 

1- orbi t ) .  

Install pyrotechnics in support 

SepaJca;te Orbi ta l  Support Vehicle ( w i t h  
Checkout Crew) and Transfer t o  -king 
Orbit 

Verif'y support vehicle s t a t u s  accept- 
&le. 
Separate support vehicle from Iunar 
Ferry cormand module. 
-fer support vehicle t o  pa;rking 
orb i t  . 
Noter Orbital support vehicle wits 
in orb i t  f o r  return of Lunsr Ferry. 
The pa;rkin& o f i i t  will be such tha t  
the support vehicle can provide 
television covem,ge of o rb i t  launch. 
Also, the support vahlole must stasld- 
by t o  &feat poseible mergemy 
repairs prior t o  hunch. 
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ment - Major Operation No. 

0 18 

1 

2 

3 

4 

1 
2 
3 

4 
5 

6 
7 

20 

1 
2 

21 

1 

2 

Description of Operations & Arents 

Mssion Crew Perform ft ission Readiness 
T e s t  

Perfom mission r u i n e s s  tests - 
checkout all systems operation - 
confirm status.  
Perfom simulated countdown and 

timing . 
Confirm ephemeris data and mission 
vehicle a t t i t ude  for launch. 
Conf inn vehicle redy for countdown. 

h u c h  - Confirm Status and launch 

Conduct We-Launch Operations and 
Countdown 

Lnit ia te  pre-launch operations. 
V e r i a  s ta tus  of vehicle systems. 
I2onitor bio-ined. data - verify all 
personnel ready. 
I n i t i a t e  simulated countdown . 
Complete pre-launch operations and 
countdown . 
Confirm nission vehicle s ta tus  . 
Establish mission vehicle ready 
f o r  f i n d  countdom. 

I n i t i a t e  F ina l  Countdown 

Sta;rt countdown of Lunar Ferry 
Confirtn re la t ive  position of 
car r ie rs  No. 1 and 2, and silpport  
vehicle. - Note: 
be compatible with television cover- 
age requirements, and separation 
distances fo r  protection f r o m  nu- 
c lear  radiation during ove r f l i@t  
and/or flyby . 
Complete all countdown up t o  auto- 
m t i c  sequence portion. 
Initiate countdown "hold" - synchronize 
launch t i m e  with automatic launch count 
I n i t i a t e  automatic countdown sequence 

This re la t ive  position mst 

Lwray. Ferry Launch 

I n i t i a t e  launch sequence - engine 
start and thrust  buildup. 
I.bnitor orb i t  launch sequence - con- 
firm translunar injection. 
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%!vent 
_I_ 

;=or Oneration No. 
I 

21 (continued) 3a 
(W/O OLSF) 

3b 
( w i t h  OLSF) 

22 

1 
2 
3 
4 

23 

1 
2 

24 

1 

2 
3 

4 
5 

6 
7 
8 

9 

Description of Operations & L%ents 

C a r r i e r s  No. 1 and 2, aid support 
vehicle subnit t o  skation keepin;; 
requirauents and wait fo r  re turn 

C a r r i e r  No. 1 and Jb. 2, and sL?pport 
vehicle transfer t o  OLSF. C r e w  
waits at  OUF f o r  re turn of Lunar  

Of Lunar  Ferry. 

Ferny. 

Lunar Ferry Return t o  Earth Orbit 

In,ject in to  Earth orb i t  
Deactivate non-essential systems 
Activate rendezvous system 
When engine th rus t  has decayed - 
verify vehicle ready f o r  rendezvous 
operations. 

Transfer t o  Assembly Orbit 

Note: If OLSF is assu.iecl 'Ghe Lunar 
F m j  w i l l  transfer t o  OGF orb i t .  
With no O S F ,  tile Lunar Ferry will not 
t ransfer ,  but w i l l  inJec t  d i r ec t ly  t o  
t n e  assembly orb i t .  

- 

Perforr~ transfer ianeuver. 
Position Lunar Ferry f o r  rendezvous 
operations. 

Orbital  Support Vehicle (with checkout 
a r m ) ,  Rendezvous and Dock w i t l i  Lunar 
Ferry Conmad Nodule 

Transfer f r o m  parking o r b i t  (or  
OLSF) t o  assembly orb i t .  
Perfom rendezvous r-meuver . 
Dock support vehicle t o  Lunar Ferry 
cor,mmd, iiiodule . 
Deactivate all RF equiproents. 
Deactivate pyrotechnics, shaped 
char[;es and destruct units 
Remove pyrotechnics and store.  
Activate required systems. 
Position support vehicle away from 
pritmry dockinG assembly. 
C a l l  carrier No. 1 f o r  crew transfer. 
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25 
0 

26 

28 

1 

2 
3 
4 

5 

1 
2 

3 

1 

2 
3 
4 

5 

1 
2 

29 

1 

Description of Operations 86 Events . -- -- 

Elission Crew and Passenger C m i e r  No. 1 
Rendezvous and Doc31 with Lunas Ferry 
Cormnand Nodule 

Transfer from parking o r b i t  (o r  
OLSF) t o  assembly orb i t .  
Perf o m  rendezvous rmeuver . 
Dock c m i e r  t o  conmmd module 
Transfer personnel from Lunsrr Ferry 
coi:ll;l&zd iiiodule t o  c a r r i e r  No. 1. 
Complete personnel t r ans fe r  and 
verify ca r r i e r  No. 1 ready for 
separation and re-entry. 

Separate Mission C r e w  and Passenger 
C m i e r  No. 1 and Transfer for  Return 
t o  Ewth 

Separate ca r r i e r  Do. 2 
Transfer t o  parking o r b i t  for  re- 
entry. 
C a l l  c a r r i e r  Tio. 2 for crew -t;rans- 
fer. 

Mission Crew and Passenger C m i e r  No. 2 
Rendezvous and Dock with Lunar Ferry 
Comnand Module 

Transfer fror,~ parking o r b i t  (o r  OLSF) 
t o  assembly orbi t .  
Perf o m  rendezvous laanewer . 
Dock carrier No. 2 t o  cormand nodule 
T r a n s T e r  personnel. f’roin Lunar Ferry 
connand ~iodule t o  c a r r i e r  No. 2, 
Complete personnel t r ans fe r  and 
veri fy ca r r i e r  110. 2 ready for 
separation end re-entry. 

Separate blission C r e w  SLnd kkssenGer 
C!arrim No. 2 and Transfer for  Return 
t o  lhrt2-l 

Sepa,rate ca r r i e r  No. 2 
Transfer t o  p l r i n g  o r b i t  f o r  re- 
entry . 

Perforn. Post-Plight checkout of Lunar 
Ferry 

Repair defective i t em noted 3y 
mission crew. 
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Event - Major Operation No. 

29 (continued) 2 

6 
7 

8 
9 

1 

Description of Operations 8a hkents . - 
Perform visual check of nuclear core 
(performed with remote T.V. uni t )  
Perform neutron pulse check of 
nuclear engine 
Conduct complete checkout of mission 
vehicle systerns 
V e r i f y  all systems s.t;atus - establ ish 
spares requirements (with Earth 
facilities) for next LLW Ferry 
cycle. 
Deactivate non-essential. systems. 
Rotate support vehicle t o  primary 
docking structure.  
Verify s t a tus  of support vehicle. 
Checkout crew transfer  t o  support 
vehicle. 

Separate Svpport Vehicle and Transfer 
f o r  Return t o  Stat ion 

Separate support vehicle f ron  Lunar 
Ferry cormand module. Transfer t o  
parking o r b i t  f o r  return t o  Earth 
base or  O W .  
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EVE2lTS EFUWlOWN OF IYYWOR OPERATIONS - I v W  LAM>ING COMTOY 

Description of Operations 80 Events - h%mt - E& jo r  Operation No . 
1 

2 

3 
( ~ / 0  OLSF) 

3b 
( w i t h  OXSF) 

1 
2 

3 
4 
5 
6 

1 

2 
3 
4 

5 
G 
7 
8 

1 
2 

3 
4 

1 

2 
3 

4 

Launch L i f e  Support Section (IS) t o  
Ea;rth Orbit. - Note: Y m e d  by Checkout 
Crew 

Launch t o  parking o rb i t  
Separate and j e t t i son  f a i r ing  and 
escape propulsion 
Transfer t o  assembly orbit 
Separa’ce payload and boost stage 
Separate hunch structure and adaptor 
Activate ISS s tab i l iza t ion  system 

Conduct Checkout of L i f e  Support Section 

Reposition re-entry vehicle f o r  entry 
in%o ISS. 
Crew transfer t o  LSS 
Deactivate required systems 
Deactivate and/or renote non-essential 
pyrotechnic  s 
Store pyrotechnics as required 
Activate required systems 
Perform checkout of ISS 
Complete checkout, c a l l  f o r  next 
P W l O d  

hunch Orbital  Support Vehicle t o  l k r t h  
Orbit. Note: ihnned by Checkout Crew 

hunch t o  pmliing o r b i t  
Separa-be and j e t t i son  fa i r ing  and 
escape propulsion 
Transfer t o  assexbly o rb i t  
Separate payload and boost s t a ~ c  

Transfer Orbital  Sipport Vehicle t o  LSS 

Transfer checkout crew from OLSF t o  
supmrt vehicle 
Separate support vehicle from OLSF 
T-ransfer su-pport vehicle t o  LSS 

Rendezvous and Dock Orbital  Suppoi% 
Vehicle with U S  

1 Perform rendezvous rmaeuver 
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4 (continued) 2 
3 

5 

7 

9 

1 
2 
3 
4 

1 
2 

3 

1 

2 
3 

4 

5 

1 
2 
3 

Description o f x e r a t i o n s  ------_ et Lbents . 

Doc2 suppork vehicle t o  LSS 
C r e w  transfer as required f o r  mission 
vehicle checkout operations . Conf imii 

r.iission vehicle s t a tus  - ca l l  Tor 
next zla;rload 

Launch Crew Vehicle Propv.lsion Liodule 
t o  i k r t h  Orbit 

hunch  t o  parlrin: o r b i t  
Separate and j e t t i son  f a i r i n g  
Transfer t o  assembly o r b i t  
Separate payload and boost stage 

Rendezvous and Dock Life  Support Section 
t o  Crew Vehicle Propulsion Nodule 

Perf o m  rendezvous imneuver 
Alim ISS t o  crew vehicle propulsion 
!nodule. 
Dock LSS t o  crew vehicle propAsion 
module. 

Assemble LSS t o  C r e w  Vehicle Propulsion 
Nodule 

Confirm a l i w n e n t  of e l e c t r i c a l  
c onn ec t ors 
Confirm d i C p t a e n t  of f l u i d  connectors 
Complete assembly operations. Secure 
mechanical connectors 
I n s t a l l  separation s y s t m  at separa- 
t i on  pZane 
Confirm assembly operations complete. 
C a l l  f o r  next payload. 

hunch  Service Vehicle "A" t o  k r t h  
Orb it 

hunch  t o  parking orbit 
Separate and j e t t i s o n  fair inG 
Transfer t o  asseribw o r b i t  
Position vehicle i n  assenbly o r b i t  
Separate py load  and boost stage 

bunch Service Vehicle "B" to Earth 
Orb it 

Launch t o  parkinc; o r b i t  
Separate and j e t t i s o n  fairin& 
Trmsfer t o  assenibb o r b i t  
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Event - MaJor Operation No. 

9 (continued) 4 
5 

10 

1 

2 

3 
4 

5 

1 
2 

3 

4 

5 

1 

2 

3 
4 

Description of Operations & Events 

Posit ion vehicle i n  assembly o r b i t  
Sepazate w l o a d  and boost stage 

Checkout Crew Performs Inspection of 
Mission Crew Vehicle 

Activate a l l  mission vehicle check- 
out equipment 
Perform checkout of all mission 
vehicle systems 
Perform visual inspection of mission 
vehicle s t ruc ture  
Confirm status of mission vehicle. 
Establish swes  requirement. 

Checkout C r e w  Transfers t o  Service 
Vehicle "A" 

Checkout crew t ransfers  t o  support 
vehicle 
Separate support vehicle from 
Mission C r e w  Vehicle 
Transfer t o  Service Vehicle "A" 
Dock support vehicle t o  Service 
Vehicle "A" 
Checkout crew t ransfer  t o  Service 
Vehicle "A" 

Checkout C r e w  Performs Checkout of 
Service Vehicle "A" 

Activate a l l  mission vehicle systems 
Perform checkout of all mission 
vehicle system 
Perform checkout of  a l l  auxi l iary 
mission vehicles 
Perform visua l  inspection of  m i s -  
s ion vehicle s t ructure  
Confirm mission vehicle s ta tus .  
Establish spares requirement t o  
re-establ ish mission spares level.  

Checkout C r e w  Transfers t o  Service 
Vehicle "B" 

Checkout crew t ransfers  to support 
vehicle 
Sepmate support vehicle from Ser- 
vice Vehicle "A" 
Transfer t o  Service Vehicle "B" 
Dock support vehicle t o  Service 
Vehicle "B'' 
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13 (continued) 5 

14 

1 
2 

3 

4 

5 

1 
2 
3 

(with OLSF) 

1 

2 

3 

4 

16 

1 
2 

3 

1 

Descri-t ion -- of Operations - & E!vents _I 

Checkout Crew transfers t o  Service 
Vehicle. 

Checkout Crew Performs Checkout of 
Service Vehicle "Bt' 

Activate all mission vehicle systems 
Perform checkout of a l l  mission 
vehicle systems 
Perform checkout of all auxiliary 
m i  ss ion vehicles 
Perform visual  inspection of m i s -  
s ion vehicle s t ructure  
Confirm mission vehicle s t a tus .  
Establish s p e s  requirement. Call 
f o r  support vehicle. 

Launch Orbi ta l  Support Vehicle 

Launch t o  parking o r b i t  
Separate and j e t t i son  f a i r ing  
Transfer t o  assembly o r b i t  

Transfer Orbi ta l  Support Vehicle for  
Resupply 

Transfer support vehicle from Ser- 
vice Vehicle ''B" t o  OISF f o r  re- 

Rendezvous and dock support vehicle 
with OISF 
Transfer l og i s t i c s  requirements, f o r  
mission vehicles, from OLSF to 
support vehicle. 
Transfer support vehicle from OLSF 
t o  Service Vehicle "Bit 

supply * 

Renclezaous md Dock Orbital Support 
Vehicle with Service Vehicle "B" 

Perform rendezvous maneuver 
Dock support vehicle t o  Service 
Vehicle "B" 
Transfer l o g i s t i c s  requirements to 
Service Vehicle I'B" 

Service Vehicle It€?' Repai r  and R e f u r -  
bishment 

Perform repair functions on Service 
Vehicle "E" 
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Major Operation No. Event 

17 (continued) 2 
a 

3 

18 

19 

20 

21 

1 

2 

1 

2 
3 

4 

1 

2 

22 

1 

2 
3 

4 

Description of Operations & Events . 

Ref'urbish expendable systems of 
Service Vehicle "Btl 
Re-establish spares level i n  Service 
Vehicle "B" 

Recheck Service Vehicle ttB" 

Perform checkout of Service Vehicle 

Confirm s t a tus  of mission vehicle 
"Bn 

Orbital  Support Vehicle(s) Transfer t o  
Service Vehicle "Att 

Sepaxate support vehicle (s ) from 
Service Vehicle "B" 
Transfer t o  Service Vehicle "An 
Dock support vehicle(s) to Service 
Vehicle "A" 
Transfer l og i s t i c s  requirements t o  
Service Vehicle "A" 

Service Vehicle "A" Repair and R e f u r -  
bishment 

Perform repair functions on Service 
Vehicle "A" 
Ref'urbish expendable systems of 
Service Vehicle "A" 
Re-establish spares l eve l  i n  Service 
Vehicle "A" 

Recheck Service Vehicle ItAn 

Perform checkout of Service Vehicle 

Confirm s ta tus  of mission vehicle 

Orbital  Support Vehicle(s) Transfer t o  
Mission Crew Vehicle 

Separate support vehicle(s) from 
Service Vehicle "A" 
Transfer to Mission Crew Vehicle 
Dock support vehicle(s) t o  Mission 
C r e w  Vehicle 
Traasfer l og i s t i c s  requirements t o  
Mission C r e w  Vehicle 



Major Operation No. 

23 

24 

25 

26 

Event - 

1 

2 

1 

2 

1 

2 
3 

4 
5 

6 
7 

la 
(w/o OLSF) 

l b  
(with OLSF) 

Description of Operations & Events . - --- --- 

Mission Crew R e p a i r  and Refurbishment 

Perform repair functions on Mission 
C r e w  Vehicle 
Refurbish expendable systems of 
Mission C r e w  Vehicle 

Recheck Mission Crew Vehicle 

Perform checkout of Mission C r e w  
Vehicle 
Confirm s t a t u s  of mission vehicle. 
Establish s t a tus  of convoy vehicles 
f o r  integrated test. 

Conduct Convoy I n t e g a t i o n  Tests 

Activate command control  systems 
f o r  convoy vehicles 
Perform checkout of convoy vehicles 
Perform simulated countdown and 
launch 
Deactivate non-essential systems 
Confirm s t a t u s  of mission vehicles 
fo r  maintenance arrd surveil lance 
period 
Perform tests of spine extension 
Perform separation and assembly 
operations required t o  provide Earth 
re-entry with the re-entry vehicle 
and t h e  14-4 stage propulsion uni t .  
Return vehicle t o  normal configura- 
t i on .  

Conduct Maintenance and Surveillance 
of Convoy Vehicles 

Establish routine crew duty cycles 
f o r  maintenance and surveil lance of 
mission vehicles. 

Transfer support vehicle from crew 
vehicle t o  O I S F .  (Contains check- 
out personnel i n  excess of mission 
crew manpower l eve l ) .  Return sup- 
port  vehicle and personnel before 
next Earth launch. 
Monitor status of mission vehicle 
system. Maintain mission vehicle 
att i tudes,  separation and o r b i t a l  
a l t i t ude .  
Confirm s t a t u s  of mission vehicle 
acceptable f o r  next payload. 
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1 
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1 

2 
3 
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1 

2 

3 

4 

5 

6 
7 

8 

1 

2 

Description - .--_ of Operations & fients 

Launch Propellant Tanker Module No. 1 
t o  Earth Orbit 

Launch t o  parking o r b i t  
Separate and j e t t i s o n  launch f a i r i n g  
Transfer t o  assembly o r b i t  

Rendezvous and Dock Propellant Tanker 
No. 1 with Mission C r e w  Vehicle 

Remove service cover f'rom propellant 
servicing area 
Perform rendezvous maneuver 
Align propellant t a n k e r  with Mission 
C r e w  Vehicle 
Dock propellant tanker t o  Mission 
C r e w  Vehicle 
Confirm alignment of propellant 
servicing l i n e s  
Confirm mission crew vehicle ready 
f o r  propellant loading 

Conduct Propellant Transfer t o  Mission 
C r e w  Vehicle 

Perform propellant transfer opera- 
t i o n  
Monitor propellant servicing area 
f o r  leakage 
Monitor vent system f o r  proper 
operat ion 
Complete propellant scrvicin6. Con- 
firm propellant quantity i n  C r e w  
Vehicle propulsion stages 
Establish and/or confirm relative 
posit ion of Mission C r e w  Vehicle i n  
convoy 
Separate propellant servicing l i nes  
I n s t a l l  covers a t  propellant servicing 
areas. 
Confirm Mission vehicle ready f o r  
separation of propellant tanker. 

Transfer Orbi ta l  Support Vehicle (with 
Checkout C r e w )  and Propellant T3nker 
No. 1 t o  Service Vehicle "A" 

Separate propellant tanker f'rom 
Mission C r e w  Vehicle 
Position modules away from Mission 
C r e w  Vehicle 
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30 (continued) 3 

4 

5 

6 

7 
8 
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1 
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3 

4 

5 

6 
7 
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32 

1 

2 

33 

Description of Operations - & Events- 

Perform inspection of Mission C r e w  
Vehicle s t ructure .  Confirm s t a tus  
due t o  propellant tanker separation. 
Transfer support vehicles and 
Propellant Tanker No. 1 from Mission 
Crew Vehicle t o  Service Vehicle t'A't 
Perform rendezvous with Service 
Vehicle #'Att 
Align Propellant Tanker No. 1 with 
Service Vehicle "A" 
Remove covers f'rom servicing area 
Dock Propellant Tanker No. 1 t o  
Service Vehicle "A" 
Confirm alignment of propellant 
servicing l i nes  
Confirm Service Vehicle "A" ready 
for  propellant loading 

Conduct Propellant Transfer t o  M-2 
Stage of Service Vehicle "A" 

Perform propellant transfer operation 
Monitor propellant servicing area f o r  
leakage. 
Monitor vent system f o r  proper opera- 
t ion 
Complete propellant servicing. Con- 
firm propellant quantity i n  M-2 
stage 
Establish and/or conf i r i n  r e l a t ive  
position of mission vehicle i n  convoy 

Separate propellant servicing l i nes  
Confirm mission vehicle ready f o r  
separation of Propellant Tanker No. 1 
Confirm mission vehicle ready f o r  
Propellant Tanker No. 2 

system 

Separate and E j e c t  Propellant Tanker No. 1 

Separate Propellant Tanker No. 1 
from Service Vehicle "A" 
Position tanker away f'rom convoy and 
e jec t  out of respective area t o  
prevent inadvertant co l l i s ion  

Launch Propellant Tanker No. 2 t o  
Earth Orbit  

1 Launch t o  parking o r b i t  
2 
3 Transfer t o  assembly o r b i t  

Separate and j e t t i s o n  launch f a i r ing  
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Major Operation No. Event - 
34 0 

Description of Operations & Ebents - 
Rendezvous and Dock Propellant Tanker 
No. 2 with Service Vehicle "A" 

1 
2 

3 
4 

5 

35 

5 

6 
7 

8 

4 

5 

6 

Perform rendezvous maneuver 
A l i g n  propellant tanker with Service 
Vehicle "A" 
Dock tanker t o  Service Vehicle "An 
Confirm alignment of propellant 
servicing l i nes  
Confirm Service Vehicle "A" ready 
f o r  propellant transfer 

Conduct Propellant Transfer t o  M-3 
Stage of Service Vehicle "A" 

Perform propellant transfer opera- 
t ion 
Monitor propellant servicing area 
f o r  leakage 
Monitor vent system f o r  proper 
operat ion 
Complete propellant servicing. Con- 
firm complete service of Service 
Vehicle "A" propellant 
Establish &/or confirm relat ive 
posit ion of mission vehicle i n  con- 
voy system 
Separate propellant servicing l i n e s  
I n s t a l l  covers on propellant servicing 
areas 
Confirm mission vehicle ready f o r  
separation of propellant tanker 

Transfer Orbital  Support Vehicle (with 
crar) and Propellant Tanker No. 2 t o  
Service Vehicle tlB'r 

Sepasate propellant tanker from 
Service Vehicle "B" 
Posit ion modules away from Service 
Vehicle "A" 
Perform inspection of Service Vehicle 
"B" structure. Confirm s t a t u s  due 
t o  propeJJant tanker s e p a t i o n .  
"ransf er support vehicle and W o p e l h i t  
Tanker No. 2 from Service Vehicle "A" 
t o  Service Vehicle "B" 
Perform rendezvous w i t h  Service Vehicle 

Align propellant t anke r  with Service 
Vehicle ltBn 

8lBtt 
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36 (continued) 7 
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38 

1 

2 

1 
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3 

Description of Operations & Events 

Remove covers from servicing area 
Dock propellant tanker t o  Service 
Vehicle "B" 
Confirm alignment of propellant 
servicing l i nes  
Conf'irm Service Vehicle "B" ready 
f o r  propellant loading. 

Conduct Propellant Transfer t o  Service 
Vehicle "Ba 

Perform propellant transfer opera- 
t i o n  
Monitor propellant servicing area 
f o r  leakage. 
Monitor vent system f o r  proper 
operation 
Complete propellant servicing. 
Confirm propeUant quantity i n  
Service Vehicle "B" 
Establish &/or confirm relative 
position of mission vehicle i n  con- 
voy * 
Separate propellant servicing l i n e s  
Install covers a t  propellant servicing 
areas 
Confirm mission vehicle ready for 
s e w a t i o n  of Propellant Tanker No. 2 
Establish refurbishment requirements 
f o r  systems of convoy vehicles t o  
bring systems t o  mission readiness 
condition. 

Separate and Eject Propellant Tanker 
No. 2 

Separate Propellant Tanker No. 2 
fkom Service Vehicle "13" 
Position tanker away from convoy 
and e j e c t  out of respective area t o  
prevent inadvertant col l is ion.  

Launch Orbital  Support Vehicle t o  
Earth Orbit 

Launch t o  parking o r b i t  
Separate and j e t t i son  fairing 
Transfer t o  assembly o r b i t  



merit -- Major Operation No. 

3% 
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Description of Operations & Events ---- - - 
Transfer Orbital  Support Vehicle from 
Service Vehicle "B" t o  OISF f o r  re- 
supply * 

Transfer support vehicle from Service 
Vehicle "Btr t o  OISF f o r  resupply 
Rendezvous and dock support vehicle 
with OLSF 
Transfer l og i s t i c s  requirements from 
OLSF t o  support vehicle 
Transfer support vehicle from OISF 
t o  Service Vehicle "B" 

Rendezvous and Dock Orbital  Support 
Vehicle with Service Vehicle "B" 

Perform rendezvous maneuver 
Dock support vehicle t o  Service 
Vehicle "Brt 
Transfer log i s t i c s  requirements t o  
Service Vehicle "B" 

Service Vehicle ltBrt R e p a i r  and Refurbish- 
ment 

Perform repair f'unctions 
Refurbish expendable systems 
Re-establish spres level  i n  
Service Vehicle ltBtt 

Conduct Checkout of Service Vehicle "B" 

Perform complete checkout of 
Service Vehicle tcBn systems 
Perform complete checkout of all 
auxiliary mission vehicles 
Confirm s ta tus  of mission vehicle 

Orbi ta l  Support Vehicle(s) Transfer t o  
Service Vehicle "A" 

Separate support vehicle (s ) from 
Service Vehicle "Bft 
Transfer t o  Service Vehicle "An 
Dock support vehicle(s) t o  Service 
Vehicle "Att 
lfransfer l og i s t i c s  requirements t o  
Service Vehicle "Att 
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Major - %erst -- ion No . Event 

44 

45 

46 

47 

48 

1 

2 
3 

4 

1 
2 

3 

1 
2 
3 

4 

4 9  
(w/o OISF) 

1 

- Description or .  Operations & E?vents 

Service Vehicle "A" R e p a i r  and Refurbish- 
ment 

Perform repa i r  functions on Service 
Vehicle "A" 
Refurbish expendable systems on 
Service Vehicle "At' 
Re-establish spares l eve l  i n  Service 
Vehicle "A" 

Conduct Checkout of Service Vehicle "A" 

Perform complete checkout of Service 
Vehicle "A" systems 
Perform complete checkout of aU 
auxi l iary mission vehicles 
Confirm s t a tus  of mission vehicle 

Orbital  Support Vehicle(s) Transfer t o  
Mission C r e w  Vehicle 

Separate support vehicle( s ) from 
Service Vehicle "A" 
Transfer t o  Mission Crew Vehicle 
Dock support vehicle(s)  t o  Mission 
C r e w  Vehicle 
Transfer l og i s t i c s  requirements t o  
Nission C r e w  Vehicle 

Mission Crew Vehicle R e p a i r  and Refurbish- 
ment 

Perform repair functions 
Ref'urbish systems on Mission C r e w  
Vehicle 
Confirm s t a tus  of mission vehicle 
systems 

Conduct Integrated Checkout of Mission 
Crew and Service Vehicles 

Activate a l l  systems 
Perform convoy vehicle checkout 
Perform simulated countdown and 
launch 
Confirm s t a t u s  of mission vehicles. 
Cal l  for  mission crew. 

Launch Mission Carrier t o  Earth Orbit 

Launch t o  parking o r b i t  
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Event - Major Operation No. 

l+ga (continued) 2 

3 

4 9  
(with OISF) 

50 

51 

1 

2 
3 

4 

5 
6 

1 
2 
3 

4 

1 
2 

1 
2 

3 

4 

5 

53 

Description of Operations & Events - 
Separate and j e t t i son  launch f a i r ing  
and escape propulsion system 
Transfer t o  parking o r b i t  

Transfer Mission Crew t o  Mission Crew 
Vehicle 

Separate support vehicle from Mission 
Crew Vehicle 
Transfer t o  OLSF 
Transfer p a r t  of checkout crew from 
support vehicle t o  OISF 
Transfer mission crew from OISF t o  
support vehicle 
Separate support vehicle from OISF 
Transfer t o  mission crew vehicle 

Rendezvous and Dock with Mission Crew 
Vehicle 

Perform rendezvous maneuver 
Dock vehicle t o  Mission Crew Vehicle 
"ra,nsfer mission crew t o  ISS of 
Mission C r e w  Vehicle 
Transfer checkout crew t o  c a r r i e r  
or  support vehicle 

Orbital  Support Vehicle (or  Mission Crew 
Carrier) Transfer t o  Parking Orbit 

Separate vehicle from LSS 
Transfer t o  parking orb i t :  o rb i t  
must be compatible f o r  providing 
te levis ion coverage during launch 
of t he  convoy vehicles. 

Mission Crew Conduct Missions Readiness 
Test 

Activate convoy vehicle systems 
Perform mission vehicle checkout. 
confirm s t a tus .  
Perform simulated countdown and 
launch. 
Confirm ephemeris data and mission 
vehicles a t t i t u d e  f o r  launch. 
Confirm mission vehicles ready f o r  
countdown. 

Conduct Pre-Launch Operations and 
Countdown 

1 I n i t i a t e  pre-launch activities 
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Major Operation No. Event 

53 (continued) 2 

3 
4 

5 
6 

7 

8 

54 

55 

1 
2 

3 

4 
5 

6 

1 
2 

3 

4a 

4b 
(w/o OISF) 

(with OLSF) 

Description _.- of Operations & Events 
L 

Verif'y s t a tus  of mission vehicles 
systems 
I n i t i a t e  simulated countdown 
Complete pre-launch checkout arad 
countdown 
Confirm mission vehicles s t a t u s  
Establish mission vehicles ready 
f o r  f i n a l  countdown 
Mission crew enter  re-entry m o d u l e  
on C r e w  Mission Vehicle 
Reposition re-entry module on C r e w  
Mission Vehicle f o r  launch from 
W h  o rb i t  

I n i t i a t e  F ina l  Countdown 

I n i t i a t e  countdown 
Complete a l l  countdown 
matic sequence portion 

ip to a I t 0  - 
I n i t i a t e  -countd&n "hold" - synchronize 
launch t i m e  with automatic launch count 
I n i t i a t e  automatic countdown sequence 
Confirm r e l a t i v e  posit ion of other 
mission vehicles i n  convoy 
Confirm relat ive posit ion of other 
mission vehicles i n  o r b i t  

Convoy Launch 

I n i t i a t e  launch sequence 
Orbit launch of convoy of mission 
vehicles 
Orbital  support vehicles monitor 
launch and confirm in jec t ion  
Support vehicles and Mission C r e w  
Carriers re turn  t o  Ecurth 
Support vehicle returns t o  OGF 
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APPEM>IX B 
LUNAR FERRY VEHICLF: 

APPENDIX B.1 
U N S C m W  POST MISSION MAINTE3?A.NCE 

I n  the process of corspilingthe Ckckout andCount-.wn Procedures 

The resu l t s  of t h i s  investigation, have 

f o r  the Lunar  Ferry (Appendix B.3), it was necessary t o  make some estimate of 
the  amount of time required f o r  unscheduled maintenance on the mission vehicle's 
subsystems following each mission. 
been incorporated i n  the checkout procedures. 
kind requires a t o t a l  of 19.49 manhours per mission. 

Unscheduled maintenance of this 
. 

In conducting th i s  analysis, a def ini t ion of the  Lunar Ferry's 

A breakdown of subsystems was made by major components u t i l i z ing  

subsystems was made based on typfcal vehicle systems as defined i n  in-house 
reports, ALTS study resu l t s  publications, and by LTV proposals on both Apollo 
and LEM. 
the following steps: 

- A l l  major components were analyzed i n  depth t o  determine w h a t  
maintenance could be performed at the replacement level. 

- The repair time for  each replaceable unit was estimated. 

- The probability of failure f o r  each replaceable unit per 
mission was determined. 

0. The uni t  repair time multiplied by the, probability of fa i lure  
resulted i n  the expected repair time/unit fo r  each mission. 

- The sum of a l l  expected repair times for each replaceable unit, 
wi th in  each subsystem, yielded the  expected subsystem repair t ime.  

- To compensate f o r  a space environment and zero "G", a "plus" 
factor  of 35% was added t o  each of the  subsystem repair times. 
The times shown, i n  the computations which follow,'include 
this plus factor .  (Further explanation of t h i s  factor  is 
given on Page 7-3, Part I, of th i s  volume). 

The final results of the analysis are presented as follows: 

Vehicle Subsystem 

1. 
2.  
3. 
4. 
5. 
6. 
7- 
8. 
9. 
10. 

Abort Propulsion 
Attitude Control 
Canrmuni c at  i ons 
Docking 
Electr ical  Power 
Environmental Control 
Instrumentation 
Navigation and Guidance' 
Nuclear Propulsion 
Propellant Tankage 

Total 

B -1 

Repair Tike Required Following 
Each Round T r i p  (Mmhours) 

4.70 , 

3-68 
75 

1.03 
9 63 
78 

.16 
1.53 
2.18 
4.05 
19.49 manhours 
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APPENDIX B.2 

~ ~ C T I O N  AND TASK ANALYSIS OF 
MAJOR OPEWTIOIJS AND EVEWS 

estimat "he purpose of the Function and Task hzlysis is  t the 
man/machine tasks, number of personnel and accumulated time and manhours 
required t o  perform a l l  major operations and events as defined i n  Appendix 
A.3* i n  support of launching the  Lunar Ferry from Earth orbi t .  
of the  Checkout and Countdown Procedures (Appendix B.3) were also incorporated 
i n  t h i s  analysis. 

The r e su l t s  

A brief explanation of the format used i n  conducting t h i s  and 
similar analyses (as shown i n  Appendices C, D, and E) i s  as follows: 

- Column (1) contains a l i s t i n g  of each mador operation as 
defined i n  Appendix A-3, while Column (2) lists each 
event of the  operation breakdown. 

- C o l m  (3) contains a brief description of what appears 
t o  be EL feas ib le  and logical  method 02 carrying out the 
event ( referred t o  as function). 

- Column (4 )  lists several auxiliary equipment items assumed 
t o  Se available t o  the o rb i t a l  checkout crew as needed. 

- Column ( 5 )  contains an estimate of the number of personnel 
required i n  Earth orb i t  t o  carry out the specif ic  event 
as defined i n  Column (2). 

- Column (6) presents an estimete of the time required t o  per-. 
form each event o r  function, an accumulative t o t a l  time, 
and the  manhours (or  man/mlnutes) required per f inct ion.  

- Column (7) contains comments on the e f f ec t s  of having or 
not having an Orbital Launch Support Fac i l i t y  (OLSF) when 
executing the specif ic  f'unction. 

For the purpose of estimating the t i m e  required i n  Earth orb i t  by 
the  o r b i t a l  checkout crew t o  perform the many supporting operations t o  prepaxe 
and launch the Iunar Ferry, it was assumed that a l l  supplies, fuel ,  cargo, 
passenE;er personnel, etc., were readily available as needed. 
the ava i l ab i l i t y  of Earth launch pads and launch vehicles, r e a l i s t i c  Earth 
launch rates, etc., on the  t o t a l  time required i n  orbit t o  prepare and launch 
the  vehicle is  discussed i n  Volume 11. 

The e f f ec t s  of 

--------------.-_---------------------.------------.-------------.-------.-~~" 
*Post mission operations (Items 22 through 30 as shown i n  Appendix A . 3 )  were 
not included i n  the Rmction and Task Analysis as reported herein since they 
are bas ica l ly  accounted f o r  i n  Items 1 through 21. 
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IYgure B.2-1 presents the combined r e su l t s  of the Elnction and Task 

The estimated manhours, the accumulated (consecutive) hours and 
Analysis and the  Checkont and Countdown Procedures in the form of a simplified 
t i m e  l ine .  
personnel required t o  perform a l l  routine OLC human tasks  t o  prepare, checkout 
and launch the Lunar Ferry are l i s t e d  as follows: 

Total manhours = 290.5 
Total accumulated hours = 69.8 
Total orb i ta l  checkout personnel T 9* 
Total Lunar Ferry f l ight  crew = 3  

bKnhum "Logistic" Vehicle Pi lots  = 2  

(:Jill assist i n  countdown opera- 

( In  th i s  case the "Logistics" 

t ions  only) 

Vehicle brings the Lunar Ferry 
mission crew and passengers up 
t o  the assembly orbit .  
cases t h i s  vehicle is referred 
t o  as the  %fission C r e w  and 
hssengtw Carrier") 

In  most 

--------------------_____s______________-------------------------------------- 

*Xhere.zs the Checkout and Countdown Procedures (Appendix B.3)  show it requires 
a minimum of 8 OLO checkout personr,el t o  support the Lunar Ferry, the F'unction 
and Task Analysis resiilts shows one additional worker will be required t o  
assist and/or substi tute for  the Launch Control Director whose workload i s  
extremely heavy. 
required. 

Thus a m i n i m  t o t a l  of 3 orb i t a l  checkout crewoaen Will be 
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Since more infornation ms available on the  Lunrtr Ferry vehicle, 
concerninc; the proposed configuration, the make-up of the subsystems, and the 
manner of operation, than that  of the other three mission vehicles, t h i s  
vehicle  vas selected as the  basis f o r  establishing o r b i t a l  launch operations 
checkout and countdown procedures. Such procedures ( for  the Lunar Vehicle) 
should be reasonably typ ica l  of the several vehicles under study due t o  t h e  
r e l a t i v e  appearance of t h i s  vehicle on the  time schedule. The procedures are 
as thorough and as complete as available knowledge permits at t h e  time of t h e i r  
compilation. 
zero "g" conditions, a "plus" factor  of 35% is included i n  all human taek re- 
quired times (see PaqSe 7-3, Part I of t h i s  volums). This port ion of Appendix B 
includes : 

To compensate f o r  t h e  adverse affects of the space environment end 

o A discussion of the Lunar Ferry checkout crew composition 
and number. 

o The abbreviations used i n  the procedures. 

o P a r t  I - Najor Subsysterm Checkout and a Personnel 
Ut i l iza t ion  - Time Line Chart, Figure B.3-1. 

o part I1 - Pre-Launch Checkout and a Personnel Utiliza- 
t i on  - Time Line C h a r t ,  Figure B.3-2. 

o Part 111 - CounMown and a Personnel Uti l izat ion - 
Time Line  Cliort, Figure B.3-3. 

m e  r e s u l t s  presented herein w e  a8 follows: 

(1) A miniwm of 8* o r b i t d  checkout crew members will 
be required for checkout and countdown. 

(2) The times required to  perform the  various major parts are: 

Past I - Major Subsystem Checkout - 45.75 hrs. 

(Note; 
. 

This does not include the 15 addi t ional  
hours needed f o r  cargo loading, f'uel 
tanker positioninc, etc.  - see Appendix 
B.2)  

Part I1 - Pre-hunch Checkout - 6.33 hrs. 

mt III - COW MOW^ - 3.08 hrs. 

- 
m e  r e s u l t s  if the  Function and Task Analysis shows that nine will be required. 
This is  due to t he  heavy vorlr load of t he  Launch Control Director who TKLU thus 
need an ass i s t an t  (see Appendix B.2). 

a 
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"lie following paragraphs discuss the  numbers and types of personnel 
that coi-.ipose the  checkout crev along with 'ihe functional def in i t ion  of their  
ro les  i n  o r b i t a l  checkout operatioiis . These personnel requirements a r e  pred- 
icated on an analysis of checkout and servicing functions pertaining t o  the 
Lunar Ferry only. Additional requirements f o r  assembly and cliec1rou.t of the 
several  Irms :lission vehicles ore discussed elsevliere. 

(1) In  co~inmd of a l l  servicin(=, checkout 'and launch operations 
w i l l  be a Launch Control Director. 
w i l l  be: 

His respons ib i l i t i es  

(a) The schedulinG and direct ion of a l l  a c t i v i t i e s  
concerned with se rv ic iw ,  checkout, repair, and 
launch of  the  o r b i t a l  launch vehicle. 

(b) Making c r i t i c a l  decisions, based on inputs from 
liiembers of t he  checkout crev and from analyses 
provided by Ehrth-based launch f a c i l i t i e s ,  per- 
ta ining t o  the  readiness of t h e  vehicle f o r  launch. 

(2)  A Checkout-Programmer-Analyst w i l l  be responsible for:  

(a) Orderinc the  proyam. 

(b)  FTogranminG the  automatic checkout equipment t o  
test  the  various subsystem and/or t he  integrated 
systems as directed by the  Launch Control Director. , 

( c )  1.bnitoring the  prozesaion of tests and test  results 
supplied by the automatic checkout equipment. 

(a) Analyzing the  data supplied by the  automatic check- 
out equipment fo r  indications of malfunctions or  
trends t h a t  indicate potent ia l  maminctione. 

Prepariw a s u ~ i m w  report  of checkout results for 
periodic transmission t o  Earth facilities. 

(e) 

An Elec t r ica l  Special is t  t r i l l  be responsible for :  (3) 

Inspecting, servicinG, monitoring the  operation of,  
and making repairs t o  the e l e c t r i c a l  power and d i s -  
t r ibu t ion  c i r cu i t s ,  l i g h t i n c  systern, e l e c t r i c a l  
servo mechanisms and other c i r c u i t s  as required. 

Responsible f o r  servicing and f o r  ensuring the opera- 
t i on  of t he  e l e c t r i c a l  portions of all destruct  
systems. 

Assiting the  Propulsion and I4echanical Special is t  i n  
mking repairs  t o  f'uel syster.!s, propulsion systenis, 
and associated mechanical linkages. 
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(4) L i f e  Support Special is t  w i l l  be responsible for :  

(a) Inspecting, servicing, monitoring the operation of ,  
and making repairs t o  the environmental control 
system of the orb i ta l  launch vehicle. 

Servicinz and checking other elements of the l i f e  
support such as food storage, water supply, and 
sani t ra ry  facilities. 

(b) 

( 5 )  An Electronics Special is t  w i l l  be responsible for:  

(a) Inspecting, servicim,  operating, monitoring the  
operation, and making repairs t o  such systems and 
equipment as commications,  radar, T.V. electronic 
checkout, and associated display c i r c u i t s  aboard the 
o r b i t a l  launch vehicle. 

(b) Assisting the Guidance and Navigation Special is t  in 
naking repairs t o  the guidance subsystems. 

(6) A Guidance and Navimtion Systems Specialist will be responsi- 
ble for :  

(a) Inspecting, servicing, monitorirg the operation of,  and 
making repairs t o  the guidance systems, navigation sys- 
terns, s tab i l iza t ion  and a t t i t u d e  control  systems, and 
sys tem display c i r cu i t ry  on-board the  vehicle t o  be 
launched from Easth orbi t ,  referred t o  as t h e  OLV. 

(b)  Assisting the Electronics Special is t  i n  m a k i n g  repairs 
t o  communications, radar, and T.V. systems. 

(7) A Propulsion and 14echanical Spec ia l i s t  w l l l  be responsible 
for :  

(a) Inspecting, servicing, monitoring the operation of, 
and tnalrinG repairs  t o  the reaction control fie1 sys- 
tems, pyrotechnic, ordnance, propulsion f’uel systems, 
propulsion systems, pneumatic and hydraulic systems, 
an8 associated mechanical linkages and devices on- 
board the vehicle t o  be launched from E a r t h  orbit. 

(8) An Orbital Support Assembly Vehicle Opemtor w i l l  be respon- 
sible for :  

(a) me t ransfer  of personnel and supplies t o  and f r o m  
an Orbi ta l  hunch Support Fac i l i t y  and the Orbital 
Launch Vehicle. 

(b) Assisting the  checkout crew aboard the Orbital Launch 
Vehicle i n  performing inspection, servicing, and re- 
pair functions where assis tance is needed exf;erior t o  
the  vehicle. 
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(c)  “he operation of t h e  remote maintenance manipulators 
i n  the performance of maintenance tas!is ex ter ior  t o  
t h e  vehicle. 

Abbreviations which w e  used i n  the  following procedures are listed 
below : 

LCD 

CPA 

CS 

ISS 

R4 

w v o  
GOSS 

OISF 

OLV 

Fc 
PI3 

Ps 

RCS 

E S  

Launch Control Director 

Checkout -Programer -Analyst aboard the 
Orbi ta l  Launch Support Fac i l i t y  

Electronics Spec ia l i s t  a b o m  the vehicle t o  
be launched from Earth orb i t ,  referred t o  as 
t he  OLV 

E lec t r i ca l  Spec ia l i s t  aboaxd OLV 

Guidance and Navigation Systems Spec ia l i s t  aboard 
OLV 

L i f e  Support Spec ia l i s t  aboard OLV 

l?ropulsion and Nechanical Spec ia l i s t  aboard OLV 

Orbi ta l  Support Assembly Vehicle Operator 

Ground. Operated Support System 

Orbi ta l  Launch Support Fac i l i t y  

Orbi ta l  hunch  Vehicle - i ,e.,  t h e  vehicle t o  be 
launched from &rth o r b i t  ( i n  t h i s  case, t h e  Lunar 
Ferry).  

Checkout 

c 0Ul l tdOI .m 

Personnel Carrier - a l so  tertiled Crew and Passenger 
Carrier 

P i l o t  Comiander, Lunar F l i & t  C r e w  

P i l o t  Engineer, Lcnar F l i m t  Crew 

P i lo t  Sc ien t i s t ,  Lcnar F l igh t  C r e w  

Reaction Control System 

Environmental Control Systen 
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r w  - Astronaut 1,Lzneuvering Unit 

LVP - Logistic Vehicle T L l o t  

Since Vie procedures discussed herein encoi:qass both servicinG and 
checkout for  t h e  i n i t i a l ,  as w e l l  as fo r  subsequent €ranslurnr trips of the 
Lunar Fcrry, checlsoilt begins with a l"u7.l.y assernbled vehicle. 
and Zjnssmi:ers are not aboard. 
prcscnted i n  three parts 11s follows: 

The 2liCh-t crew 
Chccl;out proccdurcs Iiave been developed and m e  

Par t  I - The checkout of the m j o r  subsystem 
individually and tine re-fueling 02 the 
m i n  propulsion Gysten. 
entitled I.IhJoli ,SJBSYST3B CIEEKOUT . 

?art I1 - The inte:yated ~i ios ion  vehiclc sub- 
systa:i checbx t  perforr.ied during pre- 
launch operations and the toppin(= off 
of all systeus. 

This par t  is 
.__^ .-1---- 

This part is  entitl.ed 
PRE-UUNCH CHIXKOUT. 
---_I.-.-..-- 

Pat 111 - The i n t e m t e d  system check nrxde f o r  
confidence during the final countdown. 
This part, i s  en t i t l cd  COTJNTDOTQ?. ------ 

%IC chec!;oi-.t schcdv.le is dcterr.iined by the  hunch Control Director ( E D )  i n  
coordination v i t h  %lie Ground Operated Su.pport Systen (COSS), and Wi th  con- 
s iderat ion (;iven t o  launch rrindows f o r  t h e  next rxission. 

!?lie sequential  procedures for  conduct iq  Part I - Lhjor Subsystem 
CliecBout of t he  Lunar Ferry are presented i n  t h i s  section i n  t h e  fol?il o f  an 
ac tua l  countdoim. 
m n t  is  perfonaed i n  i;iuch the  conventional r;lanncr by means of visual  and 
mnual. checks followd by ailtomatic (pre-prowaimed) equipment checkout. 
The Eun&r:ientnl nlalre-up and description of the various Gubsystems and equip- 
ment of the Lunar Ferry were based on the r e su l t s  of LTV Astronautic's and 
Locldieed's Advanced Lunar Transportation System studies as these became avail- 
able. In  sone cases, it w s  necessary t o  predict the  typ ica l  state-of-the-art  
o f  such cqvip1;jent for t he  time period under study. 

Servicine and checkout of a l l  vehicle oubsystms and equip- 

It is  noted i n  the checkout procedures that the  Orbital Support 
Assembly Vcliicle (OSAV) ma?:es many service t r i p s  betveen the vehicle being 
checked out, i.e., t he  Lunar Ferry and an Orbital Launch Support Fac i l i t y  
(OIXF) t o  t ransport  expendable suppl-ies, spare  parts, personnel, e tc .  
v i m  of the procedures w i l l  further show that l i t t l e  addi t ional  over-all check- 
ollt t h e  i s  required because of these trips, since they are beinG exccuted 
concurrently with other tas:cs. 
nui~ber of operations required for chcc?sout of each spacecraft Rnd t o  increase 
the probabili ty of o r b i t a l  launch operations nlicsion success, it is desirable 
t o  limit thcsc t r i p s  t o  a ifiinkmi vhich, i n  turn, lessens the nuiiber of 
rendezvous and ha* dock imneuvcrs required. 

A re- 

Harever, i n  t he  interest of simplif'yinz the  a 



It is assumed tha t  the  checkout crewman performing i n  the  space en- 
vironment would not be more than 65% as effect ive as he would be i n  h i s  Earthly 
surroundings where l igh t ing  is generally no problem, where manual dexter i ty  is 
seldom limited, where objects come t o  rest i n  one plane and remain there,  etc. 
Accordingly, all estimated times shown include a plus f ac to r  of 3546 i n  t he  
in t e re s t  of compensating f o r  t h i s  degradating condition. 
t i on ,  see Page 7-3, Part I, of this volume.). 

and equipnent needed t o  perfom h i s  tasks, and that such i tem as fue l ,  carco, 
rmjor vehicle segaents, spare parts,  etc., are available i n  and wound t h e  
OLV as required; i.e., t he  checkout crew does not have t o  await t h e i r  a r r i v a l  

(For fur ther  explana- 

It is  flirther assw'led that the  o r b i t a l  worker llas the necessary too ls  

. from Earth. 

The resu l t s  of the  checkout procedwes show it requires approximately 
115.75 accumulated hours t o  complete t h e  l k j o r  Sabsystem Checkout, including 
refuelinc: of the  vehicle .* 

The checkout procedures follow: 

1 

2a 

2b 

T-274 5 E D  Conducts br ief ing of a l l  personnel as 
t o  radiat ion hazards and t r a v e l  t o  and 
from the  vehicle t o  be launched froin 
Earth o rb i t  ( the OLV) . 

T-2715 E D  

- Supervises the  individual checlr- 
in@ of rad ia t ion  detect ion de- 
vice3 f o r  correct  operation. 

Remotely energizes syster.1 necessary t o  
br ing the o r b i t a l  launch vehicle (OLV) 
a t t i t u d e  and o r b i t  under control.  

- OLV a t t i t u d e  s tab i l ized  wi th  
respect t o  the  Orbi ta l  hunch  
Supwrt  Fac i l i t y  so that nu- 
c l w  enf;ines point ctmy frw 
the  f a c i l i t y .  

T-2715 oshvo Enters Orbital  Support Asserabu Vehicle 
(OSAV) and conducts pre-f l ight  checks. 

- Loads Environ!;iental Control Sys- 
tem (ES) and power source 
scpplies on OSAV. 

-_ 
*It is noted that approximately 15 hours have been added t o  t h i s  total i n  t he  
Function and Task flnalysis r e s u l t s  (Appendix B . 2 )  t o  account f o r  the  addition- 
a l  t i u e  required f o r  1,oading the ca-go, positioning of the -tankers durin:; re- 
fueling, and the  perfonmnce of  those tasks required fo r  h m d l i n g  t h e  pyro- 
technic devices. 
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2b(continued) 

3 

4a. 

hb 

T 

9Q 

T i m  - .- 

n 9r01- 
I-LI)IJ J 

T-26S0 

T-2680 

T-2665 

T-2635 

T-2625 

T-2615 

T-2600 

- Prepares f o r  transport  o f  checkout 
personnel . 

Notifies Ground Operated Support Syster.1 
(GOSS) of his intention t o  start t h e  
checkout 

- Establishes start time a d  
6chedul.e. 

Loads checkout personnel aboard t h e  
Orbital Support Assembly Vehicle. 

Enters OSAV f o r  transport  t o  t he  Lunar 
Ferry (OLV) . 
Translates from t h e  Orbital. hunch  Sup- 
port Fac i l i t y  t o  t h e  Lunar Ferry. 

Perform close-in rendezvous t o  Lunar 
Ferry. 

Perfonm hard dockfrq Tnaneuver t o  Lunar 
F e r r j  (OLV). 

Enter OLV with auxi l iary checkout equjp- 
;:lent and tools .  

bkkes visua3 inspection of secondmy 
pomr SOLWC@. 

- Inspects and seTtTfccs the bat tery 
system as required. (New bat te r ies  
will probably have t o  be ins ta l led  
pr ior  t o  each mission). 

- Checks voltages. 

- Replaces o r  defective c e l l s  
(if a l l  new batteries not requirea 
pr ior  t o  each mission). 

Makes visual inspection of t he  primmy 
??over source, Mote: It is  asswAled 
prirxwy p w e r  is by f u e l  ce l l s .  

- Visually inGpects f u e l  cells. 

- Terforrfls lenl-s:;e checks on f u e l  
ce l l s .  



Time - - SeAuenc e No. 

9a( continwd) 

9b 

9c 

10 

11 

l2 

13a 

13b 

14 

T-2600 

T-2600 

T-2 570 

T-2510 

T-2495 

T-2490 

T-2490 

T-2480 

16 T-2465 

17 T-21160 

Resp. 

Lss 

W V O  

ISS 

U S  

oshvo 

ICD 

ISS 

omvo 

ICD 

CPA 

Es 

OSAVO 

Task 
---..-.------_--------I .--__--__ 

- Assisted by W V O ,  resupplies 
soiirce. 

Ehlces v isua l  inspection of Environmental 
Control Systeni (ES) . 
On sttmdby t o  assist E lec t r i ca l  and L i f e  
Support Spec ia l i s t s  as required, 

Performs ledcage checks on l i nes  and 
valves 

Confirm and/or verify estimated replace- 
ment requirements f o r  resupply of LOX, 
nitrogen, water, filters, and other Exzs 
expendables. (Note: Resupply mounts 
established by normal replacement re- 
quirements o r  during post f l i p h t  check). 

Notifies ICD via  OSnV radio of resupply 
requireiiients . 
Receives not i f icat ion of E S  resupply 
requirer.ients . 
Cleans and lubricates  motors, blowers, 
and actuators as required. 

Notifies LCD nnd Chec!.,ou.t-Progrslrrr.ier- 
Analyst via  O W V  radio of readiness f o r  
power system chec!.iout (C/O). 

Receives not i f icat ion of intended system 
checkout. 

Receives not i f icat ion of intended system 
checkout. 

- Prepares automatic C/O eq~ipr~ient  
f o r  check of e l e c t r i c a l  power 
systems. 

Starts up prirnasy power  source. 

- Switches OLV load  t o  power source. 

Translates t o  OLSF f o r  any addi t ional  
a v i r o n m n t a l  Control ~ys tem (ES) 
supplies ( i f  required) .* 

Whis t r i p  may not be necessary if a,llE:CS supplies can be established pr ior  
t o  t h e  first t r i p  (see Sequence No. 5) .  
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18a 

lob 

19 

20 

21a 

21b 

22 

23 

24 

25 

2Ga 

26b 

27 

28 

29 

3Ob 

31 

Time - Resp. -----I_---- Task 

T-2455 CPA Star tc  check of e l ec t r i ca l  power sys- 
.I. Leas. 

Ibni tors  results on Orbital Launch 
Support Fcc i l i ty  (OLSF) displays . 

T-2455 E Elmitors r e su l t s  on OLV displays. 

T-2445 Es Performs unscheduled maintenance. 

T-2430 OSAVO Performs close-in rendezvous t o  OLSF. 

T-2425 lis Perfomas rechecks as required, 

T-$12 5 CPA Nonitors rechecks on OISF displays. 

T-2420 OSAVO Performs hard docking illanewer 

T-2410 OSAVO Loads ECS supplies. 

T-2405 E3 On standby. 

T-21100 CPA Analyzes r e su l t s  of e l ec t r i ca l  power 
system checkout 

T-2380 OsflVO Translates t o  Lunar  Ferry (OLV) f’ron 
OISF . 
Prepaxes ~ w n m ~ c c y  of checkout resul ts .  T-2380 CPA 

- Stores on tape for transmission 
t o  Ground Operated Support Sys- 
tem (GOSS) per schedule. 

T-2360 CPA On standby. 

T-2350 OSAVO Performs close-in rendezvous maneuver 
and hard dock. 

“-2315 OSAVO Unl0cd.s E S  supplies. 

T-2250 LSS Assembles new supply tanks t o  ES. 

T-2250 Es Assists ISS i n  tank assembly. 

T-2210 OSIVO Notifies E D  and CPA via OSnV or OLV 
radio of readiness fo r  (as )  checkout. 

T-2205 LCD Receives notification of E X  checkout 
readiness. 
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Sequence No, 

32b 

33 

3443 

T i m e  - Resp. Task --------- 
T-2205 CPA Receives not i f icat ion of readiness f o r  

E S  checkout. 

T-2190 Es 

- Prepares automatic checkout 
equipment fo r  check of ECS, 

Performs visual inspection of vehicle 
l ight ing system. 

- Performs operational check of 
all lighting. 

- Replaces bulbs, switches, wiring, 
as required t o  w u r e  proper 
operation of a l l  li@ting. 

- Performs operational check of 
all warning lights and annunciators. 

- Repairs as required. 

T-2185 CPA Starts check of EX. 

- Ibni tors  results on OLSF checkout 

T-2185 U S  Monitors r e su l t s  of checks on OLV dis-  

T-2185 ISS Performs unscheduled maintenance. 

equipment d i s p w s .  

PlaJrS 

T-2185 CPA On standby for rechecks as required. 

T-2160 ISS Perfoms rechecks aa required. Note: 
If Individual emergency ECS system are 
available for  the  20 paseengers these 
too will require checking quring ECS 
checkout. 

36b T-2160 CPA 

37a T-2140 CPA 

3n 

38 

T-2140 TSS 

T-2120 Iss 

Monitors results of rechecks on ECS. 

Prepares summa3y of ECS checkout re- 
sults. 

- Records on tape fo r  transmission 
t o  GOSS per schedule. 

Performs visual  inspection of food 
Preparation system. 

Cleans and tightens connections on 
resistance heating elements. 

a 
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39 T-2119 cm On standby 

40 T-2959 TSS Perfoitiis operational. chec1: of food 

4 1  T-2059 U S  Verifies inventory of food suppl.ies 

Drepmation systci-.i. 

aboard. (Note: Prior invcntory c o ; ~  
plctcd CLurinC; post mission chec!;oilt of 
FerrJ ) . 

., L i s t s  additional requirer.ients 
for support of checkout crav. 
&.win$ the  servicin;; and 
c h ~ l i o ~ t  operations. 

T-2035 O ~ V O  Translates t o  OLSF for food supplies.* 

T-2035 us Perfoms visual. inspection of food 
storage and refr igerat ion system. 

- Cleans, ti&tens connections, 
and p~for?i ls  leakage checks 
on r e k i z e r a t i o n  systems. 

43 T-2005 OSAVO Perf orrm close-in rendezvous xaneuver 
witli OLSF. 

1 6  T-1945 LSS Checks operation of re f r icera tor  temp- 
erature control systen. 

1+7a T-195 OSAVO Translates t o  OLV with food supplies. 

473 T-195 Lss Performs v isua l  inspection of potable 
water heating system. 

4 G T-1915 us 1la:ces an operational chec:: of water 
tempzrnturc control systern. 

T-1905 Lss Per2orms operational chec;; of tmste 
disposal sys t e i~ .  

49 

50 T-1695 OSAVQ P c r f o ~ m  close-in rc3dezvov.s rianeuver . 
- -- - - - - --I - -- 
-::This tri? !my not be rxxessary if post-inission c'ilec:;out hac gxrvious1;- dcter- 
; iinecl a l l  food resuppJy requirei.icnts . 
be carried. aboard t h e  GFAV dv.rinS the first t r i p .  

k c o r d i n ~ l y ,  a l l  such ccpp1i.m cm!lci 
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Sequence No --. 

5h 

51b 

Time --- 
T-1885 

T-1885 

Resp. 

0,sAvo 

LSS 

- --__- Task ____ 
Perfoms hard docking t o  Lunar F c m y .  

Notifies ICD via OLV radio of s t a tus  
of l i f e  support systems and stands by 
t o  assist Orbital  Support Assembly 
Vehicle Operator (OshVO) i n  bringing 
food supplies aboard. 

Unload and s tore  food supplies. T-1875 W V O  
Es 
ISS 

T-1875 Summexizes results of l i f e  support sys- 
tems checks. 

CPA 

- Stores on tape for transmission 
t o  WSS per schedule. 

Notifies LCD via OSnV radio of OLV 
readiness t o  receive the  remainder of 
the  C/O crew. 

T-184 5 OSAVO 53 

Receives not i f ica t ion  of readiness t o  
receive the  remainder of t he  C/O crew. 

54a T-1840 m 

T-1840 

T-1810 

T-1890 

T-1800 

S t a r t s  t rans la t ion  t o  OLSF. OSAVO 

Performs close-in rendezvous nianeuver . OSAVO 

Perfoms hard docking t o  OSF. OSAVO 

Prepare t o  board OSAV fo r  t ransfer  t o  
OLV . cs 

Gs 
FN 

LOEXIS n e c t r o n i c s  Spec ia l i s t  (CS) , 
Guidance and Navigation Spec ia l i s t  (GS), 
and Propclsion/IkchanicCd Spec ia l i s t  
(PI3i) and auxi l iary C/O equipnient f o r  
t ransport  t o  OLV. 

T-1790 OSAVO 

Enter Orbital Support Assembly Vehicle 
(WV) f o r  transport  t o  OLV. 

5P 

58 

T-1790 cs 
Gs 
AI 

Translation t o  OLV. T-17'75 m v o  
cs 
Gs 
R4 



0 -- sequence .*-.- No. Time -._ 

59 

Go 

61 

T-1735 omvo Pcrform lmrd dockini; t o  OLV. 

Unload OSAV of personnel and equipment. 

62s 

G2b 

T-1700 OSAVO R e t u r n s  t o  OLSF to load fie1 supplies 
per PM needs. 

T-1700 cs Makes visual. inspection of communications 
equipment , 

- Checks f o r  securi ty  of mounting 
and/or obvious darmGe , 

62c T-1700 Gs 

T-1700 Pbl 

Perfornls visual  inspection of guidance, 
navigation, and a t t i t ude  control  sys- 
term . 

b2d Performs leakage tests on reaction con- 
t r o l  system. 

- Notifies E D  of f’uel requirments  
fcr reaction control s;.sta;i. 

63 

64 

T-1700 Gs 

~-1G55 OSAVO 

Replaces i n e r t i a l  pUtf0rr.i 8 8  required. 

Utands by for f ie1  requirements no t i f i -  
cation. 

~ - 1 G 5  OSRVO Loads f ie1  supply for  reaction control 
system. 

T-16115 PM Performs visual  inspection of engine 
and h e 1  controls,  

- Inspects and cal ibrates  f u e l  
ard engine controls. 

T-162 5 OSAVO 

~-1610 GE; 

65 R e t u r n s  t o  OLV, 

67 Performs self-checks of guidance 
computer. 

68 T-1595 C& Notifies LCD of systan r c d i n e s s  f o r  
checkout. 

T-1590 Gs Turns on all systems and a l l o m  then 
t o  s tab i l ize .  
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Sequence No. 

69b 

70 

71 

72a 

72b 

73a 

73b 

74 

75a 

75b 

75c 

76a 

Time 

T-1590 

-- 

T-1585 

T-1580 

--- 'Pask - Resp. 

CPA Bepares automatic C/O equipment for 
checks of widance, navigation, and 
a t t i t ude  control systems. 

cs Cleans, tightens, ad jus t s ,  cal ibrates  
equipment as required. 

CPA Staxts checkout of guidance, navigation, 
and a t t i t ude  control oyatems. Note: 
If reaction control system jets are  
puloed during checkout, the pulse 
sequence nhould be such that it re-  
s u l t s  i n  no orb i t  change. 

T-1570 CPA 

T-1570 Gs 

T-1550 Gs 

T-1550 CPA 

T-1465 

Monitors resu l t s  on OLSF displaya. 

Monitors results on OLV displays. 

Perforrns unscheduled maintenance 

- Schedules and monitors rechecks 
as required. 

Monitors rechecks as required. 

- Summarizes C/O resul ts .  

- Stores on tape fo r  transmission 
t o  GOSS per schedule. 

OSAVO Notifies I%D and CPA via OLV radio of 
readiness fo r  communications C/O. Note: 
Although the communications equipment is 
not formally checked out until t h i s  
point in t i m e ,  it is  logica l  t o  assume 
it has been i n  use, periodically, during 
checkout. 

T-1460 W D  

T-1460 CPA 

T-1460 Gs 

T-1.445 Gs 

Receives not i f icat ion of readiness fo r  
cormunications checkout. 

Prepares automatic C/O equipnent Tor 
check of comuica t ions  systems. 

Calls for  and receives *OM GOSS navi- 
p t i o n  and Lzidance &ta (o rb i t a l  
characteristics). 

Conf'irrns navi;wtionand guidance r e d -  
outs on OLV displays. 
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Tine 
I_- - lkquencc 110. 

76a (continued) 

- Rechec:is OLV read-outs with GOSS 
per schedule. 

- Ferforr.is m u a l  control tests and 
i:lonitors results on OLV displays. 

76b 

77a 

Gs 

CPA 

- Confirms with LCD t h e  s t a tus  of 
t h e  midance, navi,3a.tion, and 
a t t i t ude  control systems. 

starts C / O  oi: cocnmnications system. 

- Ilonitors r e su l t s  of C/O on OLSF 
displays. 

CS 

cs 

IJonitors r e su l t s  of C/O on OLV displays. 

Performs unscheduled maintenance on 
communications equipment. 

79a T-1385 Gs Nonitors system t o  deterrnine platform 
drift; and position updating requirements. 

- Keeps ICD informed of results 
of xonitoring . 

79b T-1385 LCD Idonitors results of GS monitoring of 
platform drift and position updatinc 
requirenents . 

T-1375 

T-1375 

CS 

CPA 

1-lonitors rechecks of cormmnications 
systems on OLV displays. 

Performs required rechecks of comunica- 
t ions  systems. 

- Monitors results of rechecks on 
OISF displays. 

W z e s  resfits of cornmications C/O.  8 h  T-1355 CPA 

- Stores on tape f o r  transr;lission 
t o  GOSS per schedule. 

81b 

82a 

T-1355 

T-1355 

cs 

E D  

Notifies ICD of readiness f o r  confirm- 
t i o n  checks with GOSS. 

Notifies Electronics Special is t  of 
schedule fo r  confimmtlon. checks. 

- Monitors results. 
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Sequence No 

82b 

83 

84 

85 

Tiine 

T-1355 

T-1350 

- 

T-1340 

T-1330 

T-1325 

Resp. 

cs 
cs 

cs 
LCD 

omvo 

T-1300 ICD 

8P T-1300 

87c T-1300 

€23 T-I285 

89 T-lI-85 

PEI 

CPA 

OSAVO 

CPA 

U D  

omvo 

m1 

On standby. 

Comnica tes  d i rec t ly  with GOSS per  
schedule. 

Receives confirmation f’ro~n GOSS. 

Dispatches remote controlled vehicle 
uni t  f o r  inspection. 

Ikms controls of inspection vehicle.* 

- Flies inspection vehicle t o  and 
around OLV, using T.V. receiver 
fo r  maneuvering Intelligence. 

Provides inspection checkpoints sequence 
t o  the  Orbital S u p p r t  Assembly Vehicle 
Operator. 

- D i r e c t s  repairs of vehicle as 
required. 

I n  coordination with E D ’ S  directions,  
energizes fue l  c e l l  svitches, m i l  en@ne 
main Aiel l i n c s  f o r  leakage checks. 

Analyzes results of inspection on T.V. 
;?ionitor. 

ilans controls of repair  vehicle t o  
effect  repairs  RS required. 

3L~.tinmizes resu l t s  of inspection. 

- S-bores on t a p e  f o r  transuission 
t o  GOSS per schedule. 

Directs inspection vehicle t o  effect rc- 
Firs as required and as possible. 

Effects repairs  with remote naintenance 
vehicle. 

Straps on Astronaut ManeuverinG U n i t  
(ANU) and checks the  uni ts  ECS. 

- Wesses from OLV. 

-_ _-____I--- 

s e e  Item Sequence No. l3Oa for  comsents concerning requirments . 
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0 Sequence E. 

91 (continued) 

92a 

92b 
93 

94 

95 

96 

97a 

3TD 

3% 

100 

101 

102 

103b 

Time --- 

T-970 

T-370 

T-940 

95730 

T-720 

T-710 

T-705 

5705 

T-690 

TI-685 

T-605 

T-680 

T-670 

T-655 

T - G ~ o  

T-650 

- Inspects abort  h e 1  systen, l ines ,  
and propulsion uni t .  

hresaurizes abort  file1 aysteti. 

Inspects systern f o r  lealca&-e. 

Perfomie unscl~ed~LLed maintenanca on 
abort propulaion un i t .  

Re-enters the OLV.* 

Translates via OSAV t o  OLSF f o r  f i e1  
supply 

Notif ies  hunch Control Director (ICD) 
of system readiness f o r  abort  propulsion 
system automatic checkout . 
Receives not i f ica t ion  of readiness f o r  
abort  system automatic checkout. 

Receives not i f ica t ion  of readiness f o r  
abort propulsion and fuel system C/O. 

- Prepares autoimtic C/O equipment. 

Performs close-in rendezvous meuver 
t o  om. 
Monitors results of a b o r t  propulsion 
and f u e l  systen C/O on OMF t i i e p ~ a y ~ ,  

Monitors results of abort propulsion 
and f ie1 syaten C/O on OLV iiisplays. 

Performs hard docking t o  OTSF. 

On standby. 

Notif ies  LCD of requirer~cnts f o r  abort  
f u e l  resupply. 

Mvises OSAVO of f u e l  resupply require- 
ments. 

Calibrates opt ica l  displays.  

----- 
*It is  assumed the l i f e  support 
for more than four consecutive 
re-entry in to  the  OLV p r i o r  t o  

uni t  w i l l  not support the &ravehicular worker 
hours, thus, the  R.1 w i l l  have made a t  least one 
this time. 
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Sequence No. 

lO3b (cont inccd) 

-- -I.---- 

1 ~ 3 ~  

103~1 

103~ 

104a 

1&b 

ld rc  

105 

Time - 

T-650 

T-650 

T-650 

T-620 

T-620 

T-620 

5 5 9 0  

T-580 

T-579 

Resp. 

cs 

OMVO 

R.1 

CS 

lis 
Gs 
PI4 

osnvo 

m v o  

omvo 
PN 
oavo 

Task - ----.I - ___- 
(TJote: It my be nccessay  t o  perform 
t h i s  fdnction pr ior  t o  s e t t i n g  up t h e  
i n e r t i a l  platform). 

Assist i n  ca l ibra t ion  of op t i ca l  dis- 
P b Y S  ' 

Loads abort  system fuel resupply, 

Assists i n  ca l ibra t ion  of op t icd l  dis- 
P W S  ' 

Calibrates e lectronic  displays as 
required. 

Assist i n  ca l ibra t ion  of e lectronics  
displays . 
Translates t o  OLV. 

Perfoms close-in rendezvous maneuver 
t o  OLV. 

Perfoma lmd  docking t o  OLV. 

Transfers abor t  propulsion fuel. 
Assists in  transfer of abort  propulsion 
fue l .  Note: By t h i s  time, it is 
assui.ied 'Chat (a) payloads No. 1 and 2 - 
each coiiiposed of a illsoion crev and 
pasacnf:er ca r r i e r ,  a lunar car20 module, 
and a propellant tanker f o r  fuelin:; t h e  
main propulsion sysl;em of t h e  Lunar 
Ferry, have arrived i n  assenblyj orbit 
i n  the proximity of t h e  LLIW Ferry 
and that (b) t he  p i l o t  of each payload 
has Maneuvered h i s  system and: 

1. 
2. lIas ro ta ted  t h e  "tanker" in to  

3. 

h .  

Dockd with t h e  LLIW Ferry. 

pos i t  ion,  
Ihs separated -the tardier frori t h e  
carCo nodule. 
Elor; ro ta ted  the  crew and passenLer 
c a r r i e r  and car::o I.iodv.le i n to  
place . 
Has separated cargo :md:ilc frorr, t h e  
crew and passen:,er cari*i-cr and 
secured .the fonier. 

5 .  
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log 

110 

1ll 

112 

113 

114 

115 

115 

117 

118 

J-J-9 

120 

121a 

l21b 

I22 

3-23 

Time 

T-530 
T- 530 

-- 

T-525 

T-510 

T-490 

T-475 

T-455 

T-440 

T-420 

T-409 

T-380 

T-375 

75370 

T-350 

T-280 

T-280 

T-275 

T-260 

R e m  - 
HI 
omvo 
E3 

ICD 

osflvo 
El 

OSAVO 

OSAVO 
Es 

OSAVO 

OSAVO 
Es 

OSAVO 
3s 

OSAVO 
E5 

PPI 

ICD 

rnd 

Fm 

RI 

OSAVO 
3s 

I c D  

OSAVO 
Es 

Notifies ICD of abort syster.~ s ta tus .  
Don astronaut nweuver unit and checks 
it out. 

Receives not i f icat ion of abort system 
st€ltus . 
wess from hnar Ferry and maneuver 
t o  f ie1  tanks. 

Connect arit/or v e r i e  propellant tank- 
e r  No. 1 properly secured t o  Lunax 
Ferry. 

Connect propellant tanker No. 1 l ines  
t o  Lunar Ferry. 

Connect propellant f u e l  tank No. 2 t o  
Lunar Ferry. 

Connect propellant ta,ri!ker No. 2 l ines  
t o  Lumw Ferry. 

Insure connection of lunar cargo module 
t o  Lunar Ferry. 

Ingress into Lunar Ferry. 

Notifies E D  of intent  t o  start re- 
fueling operations. 

Receives notification of intent  t o  
s t a r t  refueling operations. 

Activates OLV t o  perfom fuel transfer 
operations. 

Starts propellant tanker pumps and 
monitors fue l  transfers. 

Notifies ICD of completion of f u e l  
traslsf er . 
Egress from OLV t o  disconnect empty 
propellant tankers. 

Acknowledges completion of fue l  trans- 
f e r  message. 

Disconnect both propellant tanlcers 



Sequence No. 

l a b  
- 

130n 

Tine 
_I_ 

T-220 

T-190 

T-165 

T-lG5 

T-160 

T-160 

T-160 

T-160 

T-lLkO 

T-140 

T-130 

T-I20  
'1-120 

13ob T - l l 5  

131 T-ll0 

1-32 T-90 

133 T-GO 

Resp 

OSAVO 
lis 

OUVO 
E3 

W V O  

FT4 

OSAVO 

E D  

CPA 

PTI 

PT;! 

CPA 

OSAVO 

omvo 
ICD 

€31 

OSAVO 

OSAVO 

osklvo 

Task 

Return t o  Lunia Ferry. 

Ingresses in to  OsfiV. 

Notifies LCD of readiness of fuel 
system and engine for  autormtic C/O. 

Translates t o  OLSF f o r  l i fe  support 
supplies (pre-calculated) 

Receives not i f icat ion of readiness Tor 
c/o. 
&ewes  automatic C/O equipimnt f o r  
check of fuel system and nuclear engine. 

on standby to assist in C/O. 

Monitors results of C/O on OLV dis- 
plays ' 

k n i t o r s  r e su l t s  of C/O on OISF dis- 
plays 

Perform close-in rendezvous maneuver 
t o  OLTF. 

Perloruis herd docking t o  OUF. 
Directs inspection vehicle to effect  
repairs .* (Note: Inspection vehicle 
rimy be a remotely operated system 
carried abed the  OLV). 

Wfects  repairs w i t h  remote nlaintenance 
vehicle. 

Assists OISF crew i n  loading l i f e  sup- 
port supplies aboasd OSAV. 

Translates t o  OLV. 

Perfoms close-in maneuver. 
------ 
*Where adequate protection cannot be afforded t h e  exbravehicular worker, a 
-need exists for sone type of remote inspection and repair vehicle t o  perforn 
in and mound the "hot" -*e. Desip requircments, methods of control, the 
location of the rernote operator, d c . ,  we only  sone of t h e  nunerous problems 
requirinC inves t iG t  ion. 
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Sequence -- No. 

1311 

135 

136 

Time -- 
T-50 OSAVO Perfoms hard docking t o  OLV. 

T-40 OMVO Assists i n  unloading l i f e  support 
supplies into OLV. 

T-25 CPA Summarizes results of C/O of fuel sys- 
tern and nuclear e q i n e  C/O. 

T-20 m v o  R e t u r n s  t o  OISF and stands by t o  assist 
i n  €Ye-Launch Checkout. (Note: Since 
t ranslat ion time, close-in maneuver, 
and hard doclrinG takes 50 minutes, t he  
OshVO will ar r ive  at the O W  some 30 
minutes aster i n i t i a t ion  of We-hunch 
Checkout procedures). 

T-20 ISS Stores ISS expendables aboasd OLV. 

T- 5 PM Notifies LCD of readiness f o r  pre- 
launch C/O of the OLV. 

Pre-launch Checkout is the  automatic check of the  subsystems i n  the 
Orbital Launch Vehicle on an intemated basis. 
as t ha t  conducted by the  automatic checkout equipment d u r i q  the clicclrout 
procedure; however, a l l  systems are eneri;ized sirliultaneously and operation is 
verified in a sequential computer routine. 

Essentially it is the sane 

In  developing these procedures, it was assumed that: 

( 3 )  

The crew and passenger carr ier ,  lunar CECGO modules, and 
propellant tanks w e r e  placed i n  Ehrth o rb i t  at  a pre- 
scheduled t i m e  such that supplies and equipment were 
available t o  the o rb i t a l  checkout crew as needed. 

The Lunar Ferry was re-fueled durinG the  14ajor Sub- 
systems Checkout and cargo was properly plnx:ed 
aboard. 

The personnel t o  be transferred t o  the noon, including 
the Lunar Ferry flidit crew, were placed aboard an 
OLSF t o  remain there while the vehicle was being cl?ec!ied- 
out and serviced. 

It is estimated that pre-launch checkout w i l l  rcquire approximteb  
6.33 iiours for  execution. 
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la 

lb 

I C  

2 

3 

4 

5a 

$b 

5c 

6a 

6b 

7a 

P 

8a 

8b 

8 C  

T-380 

T-- 380 

T-380 

T-370 

T-360 

T-350 

T-335 

T-335 

T-335 

T-330 

T-330 

T-320 

T-320 

T-315 

T-315 

T-315 

T-375 

T-360 

T-360 

T-360 

T-350 

T-320 

T-320 

T-320 

T-320 

T-320 

T-320 

21-315 

T-315 

T-270 

T-270 

T-279 

Resg, I 

LCD 

CPA 

U S  

OMVO 

oshvo 
osflvo 

EN 

cs 

Gs 

Es 

u s  

OSAVO 

CS 

CPA 

W V O  

Es 
Iss 
Gs 
CS 
R: 

lJc.ri3.Pies CYA t o  progrm autoiwtic 
chockout equip.ieiit . 
FYograrx coiprter for integrated 
systen chec!:out (C/O). 

?erromis accurate inventory of supplies, 

Perform close-in rendezvous t o  
Orbital  Launch Support Fac i l i ty  ( O W ) .  

P e r f o m  hard docking OLSF, 

Dispatched with remote control vehicle 
f o r  exterior inspection of OLV. Note: 
PM now occupied. 

Prepares fue l  and propulsion systems 
f o r  autotmtic C/O. 

Prepaxes communications and radar 
systems fo r  autonlatic C/O. 

Prepares navigation, guidance and 
a t t i t ude  control systms f o r  automtic  
c/o. 
11.epares e l ec t r i ca l  pover systems fo r  

P r e p e s  the fo r  axtomatic C/O. 

autoclatic c/o. 

Notifies Launch Control Director (ED) 
of readiness t o  accomplish inspection. 

Notifies the ICD of readiness %or in-  
t e p a t e d  systems C/O. 

At, direction of E D  starts checks. 

- tIonitors resu l t s  of C/O on 
OISF displajs and records 
resul ts .  

Perfoms inspection of exter ior  with 
remote inspection vehicle. 

Ibn i tor  displays of OLV system tests. 
Repai rs ,  adjusts, calibrates,  recheclcc 
as required. 
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Sequence No. 

9a 

-.  

9 C  

3a 

10 

15  

16 

T-270 

T-270 
T-270 
T-270 

T-270 

T-270 

T-270 

T-250 

T-240 

T-240 

T-210 

T-200 

T-190 

T-155 

T-150 

T-145 

T-1115 

T-I20 

T-329 
T-3.20 
T-1115 

T-210 

T-240 

T-250 

T-120 

T-219 

T-185 

T-200 

T-190 

T-120 

T-150 

T-145 

T-1hO 

T-130 

l3eq.- - 

R 4 

E3 
Is2 
GG 

CPA 

osnvo 

CS 

CS 

OSAVO 

GOSS 

omvo 
OSIZVC, 

OSAVO 

GOSS 

X D  

LCD 

GS 

perfom o r  (assist i n )  f ina l  top-off of 
system. 

Perf orxi f i n a l  visual inspect ion. 
Perform :;enera1 clean-up. 
Storcn debris i n  OSAV for transfer t o  
our. 
sunmwizes resu l t s  of C/O analysis. 

- Transinits r e su l t s  t o  GOSS. 

Returns remote control inspection vehicle 
t o  Orbital hunch Support Fac i l i ty .  

Perfoms comciunication check with GOSS . 
Ferfoms f i n a l  visual inspection of OLV 
in te r ior  system f o r  which responsible. 
Assists i n  topping off IES, RCS, 
propulsion file1 systems as required. 
Assists i n  General clean-ap of OLV 
in te r ior .  Stores debris i n  OSnV For 
t ransfer  t o  OXP. 

Translates t o  OLV i n  OSAV. 

Pedorms analysis of C / O  resu l t s .  

Pcrforrm close-in rendezvous. 

Perform haxd dockin;; t o  OLV. 

liissists C/O crew as required i n  clean- 
up, toppin5 and storini: debris i n  
osnv . 
Confirras C/O wi th  E D .  

Receives confirmation of C/O r e su l t s  
from CXSS. 

Directs Q..i.i&nce 3pecial is t  (GS) t o  
inser t  launch window h t a  i n  OLV @d- 
ance computer. 

Inserts launch vindov d a t s  i n  GLV 
:pidance coinputer per clirection of E D .  
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Sequence No. Time - From To - 

16 

19 

2ort 

20b 

21 

22a 

22b 

23 

2 4 

2 5a 

2% 

26 

27 

28 

T-lhO 

T-130 

T-l20 

T-EO 

T-U5 

T-90 

T-90 

T-80 

T-70 

T-60 

T- 50 

T-59 

T-20 

T-19 

T-120 

T-120 

T-ll.5 

T-99 

T-90 

T-GO 

T-80 

T-70 

T-50 

T-50 

T-20 

T-40 

T-10 

T-0 

Resp a 

L W  

ICD 
Gs 
Goss 

LCD 

LVP 

C/O C r e v  

C / O  Crew 

LVP 

LVP 

LVP 

C/O Crew 

L W  

C/O C r e w  

L W  

LW 

Loads 11-m passengers i n  crew and 
passenger car r ie r  f o r  t ranslat ion t o  
OLV . 
ConfLrn launch vindov data. 

Receives notification f’ron CS of readi- 
ness of C/O crew t o  depart froin OLV. 

Wanslates t o  OLV via crew and passenzer 
caxrier . 
Load aboard OSnV. 

Translate t o  O W .  

Perfornls close-in rendezvous maneuver. 

Performs ha& docking t o  OLV. 

Unloads personnel. 

Performs close-in rendczvous maneuver 
t o  OLSF. 

Translates via crew and passenger casr ie r  
t o  oul?. 
Perfonas hard doclrlns t o  OUF. 

Performs close-in rendezvous nlaneuver 
t o  om. 
Performs lard docking t o  OLSF and stands 
by fo r  co~mtdown . 

- - -- 
*LoZistic Vehicle Pilot 
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Launch Control 
LCD Mrector (OLSF) 

Electronics 
Specialist 
Guidance and mSv. 

Propuleion- 
Mechanical mecial. 

cs I I I 1 I I 

os mcier;List 

I 

Mint 
Logistic Vehicle LVP 

I 1 2 3 4 5 6 I 
Basic Task 

p q  standby 

b E 

H O U R S  

The approximate checkout crew manhours required t o  conduct the pre-launch checkout 
of the Lunar Ferry (excluding GOSS) equals: 

FIGURE B.3-2: 
PIE-LAUNCH CHECKOUT 

PERSONMEL UTIIJZATION - TIME LINE 



Countdown procedure consists p r imar i ly  of confidence checks perfom.- 
ed by the  P l i&t  Crev and is  a repeti t ion of checks conducted by the checkout 
crew durinc; the  pre-launch checkout. 
matic checks of vehicle subsystems in addition t o  observation of f l i g h t  
parmeter displays as the launch time approaches. 

The checks consis% of visual and auto- 

It is assumed the  three f l i gh t  crew members and the  lunar base crew 
a r e  a l l  aboard the  Lunar Ferry and that the  vehicle has been ful ly  serviced, 
ready fo r  countdown. 

It 
t o  complete. 

Sequence No. 

la 

lb 

I C  

2 

is esti.a,ted the  countdown w i l l  require approximately 3.08 hours 

Time 
From To 

T-185 

T-185 

T-185 

T-165 

T-165 

T-155 

T-155 

Resp. 

pc 

PE 

CPA 

Task 

Inspects f l i g h t  displays and. controls. 

V i s u a U y  inspects: 

- Electr ical  power systems. 
- Guidance and navigation system. - Accessible Reaction Control 

System Components. 

Operates the communications and rada;r 
systems. Checks the fuel quantity dis-  
PlWS 

V i s u a l l y  inspects t he  Environmental 
Control System (ES) displays 

Atmospheric composition indicators 
LOX and nitrogen supply indicators 
Humidity control indicators 
Coolant system inilicators 
Radiation detection system in- 
dicators 
Cabin leakage indicators 

Visually inspects: 

- The eero "G" commode - The personal hygiene f a c i l i t i e s  - "he food refrigeration and storage 
f a c i l i t i e s .  

C l l S B s  the  potable T J a t e r  supply. 

Propp.r~s checkout equipment a b o d  
O I S F  . 
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Sequence TJo. -. 
Fr01n YCJ - 

5a T-145 

6a 

6b 

7 

8a 

8b 

8c 

9 

10 

11 

T-1k5 

T-100 

T-100 

T-80 

T-70 

T-70 

T-70 

T-55 

T-45 

T-145 

T-145 

75135 

T-100 

T-100 

T-70 

T-80 

T-70 

T-55 

T-45 

T-45 

T-45 

T-35 

Res2 -- . 
PE 

E D  

pc 

CPA 

C/O crew 

CFA 

ICD 
pc 

ICD 

Pc 

PE 

ps 

pc 

GOSS 
pc 

Tp35 T-25 pc 

Task 

PerPorrns self-check of on-board 
corqxter. 

Directs C/O crew t o  prepare f o r  auto- 
vat ic  checkout. 

Notifies Launch Control Director (UD) 
of veliicle readiness f o r  automatic C/O 
from O m .  

Star t s  checks at direct ion of ED. 

- Monitors progress of checlii. 

A s s i s t  CPA in analysis as required. 

- lbn i tors  displays as required. 

Sunmwizea C/O data and transmits t o  
GOSS per schedule. 

Conf i r rn OLV C/O r e su l t s  with each other. 

Notifies Pc ond GOES of vehicle s ta tus  
f o r  l u w  f l i&t  . 

- hkeE go- no co decision. 

kneuusrs Luaar Ferry in to  launch 
orientation. 

Verifies s t a tus  of @dance, navigation, 
a t t i t ude  control, communications, and 
radar system. 

Verifies s ta tus  of ms. 
Verifies s ta tus  of launch computer 
set t ings,  e l ec t r i ca l  power systems, 
RCS, an3 s tab i l iza t ion  system. 

Transmi ts  launch parameters t o  FC. 

- Verifies vehicle o r b i t a l  
character is t ics .  

Verifies launch computer set t ings.  
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-I_ 

Task 
L - Se uence No. Resp f-- From -- To 

l2a T-25 ~ - 1 5  Fc Starts nuclear engines. 

- Stabilizes engine at minimum 
potrer set t ing.  

l2b T-25 T-15 PE Verifies s t a tus  of e l ec t r i ca l  pmrer 
systems. Verifies f’unctfoning of 
engine and file1 systems. 

13 T-15 T-10 E Rechecks launch conputer settings. 

14 T-10 T-05 Fc Verifies vehicle orientation; no t i f ies  
f l ight crew and passengers to standby 
for launch. 

15 T-05 T-0 pc Executes launch. 

16 T-0 T-t-20 Goss Monitors and keeps PC informed of 
launch trajectory. 
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I 

t - -- zx-- - -" - - -- 

Pi lo t  Engineer IpE Lunar Ferw 

I I I I 
I I Ground Operated 

WSS ~unaor t  Svatem 

1 2 3 I 
a 

The approximate t o t a l  checkout crew nanhours required fo r  the count- 
down operation (excluding GOSS) equals: 

Basic Task - 16.16 
Monitor - 2.83 
Standby - 9.33 

Total  = 28.32 

a 
FIGURF, B.3-3: 

COUNTWFJN - PERSONNEL UTILIZATION - TIME UNE 



APPENDIX C 

FUNCTION AND TASK ANALYSIS OF 
MAJOR OPERATIONS AND EVENPS 

- MARIS FLYBY VEHICLE 

The purpose of this analysis is t o  estimate the man/max?hine tasks, 
number of personnel and accumulated time, and msnhours required t o  perform 
a l l  the major operations and events defined i n  Appendix A.1in support of 
launching the &s Flyby vehicle from Earth orbit. 
appropriate, the resu l t s  of the Lunar Brry Checkout and Countdown Procedures 
(Appendix B.3) have been incorporated i n  this analysis, suitably modlf'ied, t o  
account fo r  anticipated differences i n  the vehicle subsystems. Reference 
should be made t o  Appendix B.2 f o r  an explanation of the format used. 

Where considered 

For the purpose of estimating the time required i n  assembly orb i t  
t o  perform the many supporting operations, it is assumed that a l l  auppiiee, 
vehicle segments, auxiliary Vehicles, etc, are readily available t o  the orb i ta l  
checkout crew as they were needed. The effects of the availability of Earth 
launch pads and vehicles, r ea l l s t i c  Earth launch rate, etc., on the t o t a l  time 
t o  perform the mador operations are discussed i n  Volum If. 

The resul ts  of the analysis presented herein are summarized as 
follows : 

T o t a l  manhours required for perfonndng a l l  major 
operations and events. 427 

101 
- 9  
1 3  

Total accumulated (consecutive) hours required. 
Total Orbital Checkout Personnel Pequired. 
Total Mars m b y  Mission Vehicle Flight Crew 

(Will assist i n  countdown operations only.) 

c -1 



I I 

I I oll I I .. I 



0 

3 0 ul rl 

B 
4 a 

a z 
0 f 3 

0 
5 3 

(u (u 

x 

X 

X X 

r\ z 
U 

X 

m 
0 

E s 
8 



I 

0 m 

In P- N 2 
N a 

a z 
2 

0 T u) 8 0 W 

m 

x 

x x 

x 

OI 

z 
1 
LL 



I .  - 

C s 0 
'4 
n n 3 

U 
0 

0 \D 

m 3 

x 

x x 

x X 

E 

x 

n 
N 
I 

c-5 



a 
3 
0 

3 

0 rg I 
a 
rL a I on 

X 

x 
I x  il X 

z 
z 
0 
I- 
C) z 
1 
L 

0 
rl 

a 
E 
d 



ai 
E 

L ' 
. .  
Y I 

-j, N- 

* I *  

c -7 



u) 

E 

I I I I 

x x x 

X I I 1 x] -~ 
I I I 

x X I x M 

1 I 

X 

- 

X x x X 

a 



I- 
a 

A 

9 

=I----- * 
I I 

3 
P- 

3 z A tn 

3 

t- I I 

I 

0 z a 
1 

X X I 

z 
0- 
I- 
C) z 
1 
L 

0 

I I 

A - U a 

rl 
Y I 

c -9 



6 

A 
0 rl - 
01 

0 W 6 

rl @J 

a x 

x x 

- 
x 

x - x 

x 

a P m 

c-10 



I 0 

U 

4 +--- 

(Y 
Y 

8 

4 

x 

0 

;----' 

c-11 





FUNCTION flM> TASK NWYSIS OF MAJOR OPERATIONS AND h- 
(ESTITIATED) 

Based on the combined resu l t s  of the Function and Task Analyses of 
the operations i n  support of the  Lunar Ferry, the Elars Flyby Mission, and i n  
particular,  the  Mars Landing (Convoy) vehicles, an estimate was made of t he  
time required t o  perform each major operation t o  service, checkout, and launch 
the  Mars Capture Vehicle. As i n  the c u e  of the  other anaJyses, it is assumed 
that a l l  equipment, tools,  supplies, tankers, auxiliary vehicles, etc., were 
readily available i n  the assembly o rb i t  a8 needed by the  checkout crew, 

On the following pages, the Major Operations, as presented i n  
Appendix A.2,  have been extracted and an estinate has been made of the t o t a l  
t i m e  and rmnhoura required t o  accomplish each task.  The resu l t s  are shown 
as follows: 

Total manhours required f o r  performing 
a l l  Major Operations and Evt:its - 3,229 

Total accumulative (consecutive) hours 

Total o rb i t a l  checkout personnel re- 
quired * 14 

required 8 ,  - 346 

Total Mars Capture Vehicle Flight Crew 
( w i u  assist i n  countdown operations 
only ) - 6 

MAJOR OPERATIONS FOR MARS CAPPURE VEHICLF: 
TIME AM) MANHOURS REQUIRED FOR E W C v l l I O N  

MaJor Operat ion 
No. 

1 

2 

3 
4 

Required Required 
Description of Operation Hours Manhours 

Launch M-3 and M-4 stages and Life 
Support Section (LSS) t o  Earth Orbit 
Not.:: ISS is manned. 0.00 0.00 

Conduct checkout of M-3 and M-4 
stages and US. 60.00 480.00 

Launch Support Vehicle No.  1 .84 1.52 

Rendezvous and dock support vehicle 
with LSS 1.09 3-51 

D-1 



Major Operation 
I_ 

NO. - 
5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

21-1 

Required Required 
Hours ivianhours -- -.__I 

Description of Operation - I- 

Launch M-2 stage t o  Earth orb i t .  0.00 0.00 

Rendezvous and dock M - 2  stage t o  
&I-3 stage. 2.50 6.50 

Assemble M-2 stage t o  M-3 stage. 30.08 300.08 

Perform checkout of M - 2  stage. 10.00 80.00 

Launch M-JB stage t o  Ebrth orb i t .  0.00 0.00 

Rendezvous and dock M-IB stage to 
M-2 stage. 2.50 10.00 

Assemble M-lT3 stage t o  M-2 stage. 30.08 300 . 08 

Perfom checkout of M - U 3  ste,ge. 10 . 00 80.00 

Launch M-IA stage t o  Earth orbit. 0000 0000 

Rendezvous and dock 14-lA stage t o  
14-lB stage. 2.50 10.00 

Assemble M-IA stage t o  El-U3 etage. 30.08 300.08 

Perform maJor checkout of complete 
mission vehicle. 45 .OO 540.00 

Launch Support Vehicle No. 2 3-17 9.34 

Rendezvous and dock support vehicle 
t o  Iss 1.33 3 *99 
Perform service f’unctions - refurbish 
mission vehicle systems. 15.00 320.00 

Launch Propellant Tanker No. 1 t o  
Earth orbit. 0.00 0.00 

Rendezvous and dock propellant tanker 
No. 1 with mission vehicle. 1.50 6.00 

Position tanker module No. 1 and 
connect service l ines .  1.00 6 .OO 

Launch Propellant Tanker No. 2 t o  
Earth orb i t  0.00 0.00 

Rendezvous and dock propellant tanker 
No. 2 with mission vehicle 1.50 6.00 
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Major Operation 
NO. 

--,--- 

Required Eequired 
HOU~S I > l a n h 0 7 ~ ~  Dcscr i . t ion -._-- -- _-̂ . of Operation -_-I --- ---- 

Posi t ion tanker xodule lJo. 2 and 
connect service l i nes .  

Launch Propellant Tanker No. 3 t o  

Rendezvous and doc!: propellant 
tanker 110. 3 with riission vehicle. 

Posi t ion tanker r~odule 170. 3 and 
connect service l ines .  

1.00 6.00 

W t h  o r b i t  0.00 0.00 

1.50 6 .00 

1.00 L o o  

Perform checkout of mission vehicle. 2 .OO 20.00 

Perform propellant transfer operation. 1.25 1’3.00 

25 

26 

27 

28 

29 

30 

31 Separate empty propellant tankers 
from mission vehicle. 1.00 10.00 

3 5 . 0  420.99 

3-17 9.34 

32 

33 

311 

Per fom Checkout of mission vehicle.  

Launch Support Vehicle No. 3 

Rendezvous and dock support vehicle 
with US. 1-33 3 *99 

35 Perform service functions - refurbish 
mission vehicle systems. 15 .oo l20.00 

36 Launch Wission C r e w  Carrier - manned 
by uiission crew. 0.00 9.00 

37 

38 

Rendezvous and dock mission crew 
carrier with US. 1.50 G.00 

Separate Support Vehicles No. 1, 2, 
and 3, and Crew C,arrier - ;ann& by 
checkout crew, 33 .66 

39 Transfer support vehicles and crew 
carrier t o  parking o rb i t .  50 1.00 

40 Xission crew conduct mission readi- 
ness t e s t ,  10.00 100.00 

41 Conduct pre-launch operations and 
countdown. 10.00 l20. c)o 

10.00 120.00 42 I n i t i a t e  f inal  countdown. 



\ 

Na j o r  Operation 
No. 

43 

44 

Required Required 
Descrigtion of Beratis Hours- Manhours -- --- 

Mars Capture Mission - o r b i t a l  launch. .67 4.02 

Support vehicles and crew carrier 
re turn  t o  Ehrth. 2 3 .oo - 345.92 3,229.00 
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FUNCTION AND TASK ANALYSIS OF MAJOR OPERATIONS AND EVENTS 

MARS LANDING CONVOY 

The purpose of t h i s  analysis is t o  estimate the man/machine tasks, 
number of personnel, accumulated time, and manhours required t o  perform al l  
the major operations and events, as defined i n  Appendix A.4 ,  i n  support of 
launching the Mars Convoy vehicles f’rorn Ear th  orb i t .  
priate, the results of the  Lunar Ferry Checkout and Countdown Procedures 
(Appendix B.3) have been incorporated i n  t h i s  analysis suitably modified t o  
allow fo r  anticipated differences in  vehicle subsystems and numbers of vehicles. 
The analysis assumes the& the subsystems of the Lunas Ferry and the crew vehicle 
of the Mass Landing Mission would be quite similar since they come in to  being 
at about the same time period (1978 and 1982, respectively). 
made t o  Appendix B.2 fo r  an explanation of the format used. 

Where considered appro- 

Reference may be 

For the purpose of estimating the time required ( i n  clssembly orb i t )  
t o  perform each supporting operation, it is assumed that all supplies, vehicle 
segments, refueling tankers, auxiliary vehicles, etc. ,  are readi ly  available 
t o t h e  o rb i t a l  checkout crew as needed. 
ment, or supplies, w be located i n  the nearby OISF; t h i s  facet does not 
appreciably affect  the results of the analysis. 

I n  some cases, smaller items of equip- 

The effects  of the avai labi l i ty  of E a r t h  launch pads and vehicles, 
r e a l i s t i c  Ea r th  launch rates, etc., on the t o t a l  time required t o  prepare and 
launch the convoy are discussed i n  Volume 11. 

The results of the analysis as reported herein may be summarized as 
follows : 

Total manhours required fo r  performing 
all Major Operations and hrents - 6,061 

Total accumulated (consecutive) hours 
required - 627 

Total Orbi ta l  Checkout personnel required - 14 

Total Mars Landing Vehicle Flight Crew - 8 
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